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PREFACE.

Tars Treatise has been prepared for the use of the general
reader, as well as for that of Students in Academles, Colleges,
and Medical Schools, and is designed to embody the most im-
poriant facts and principles of the Physical Forces,— Heat,
Light, and Electricity, that have any connection with the pro-
duction of Chemical phenomena, and to formn an introduction to
the study of the science of Chemistry. With that science
these subjects are so closely associated that they may be said
to constitute a part of it, and a thorough knowledge of them is
absolutely indispensable to its satisfactory study. They are
also possessed of great intrinsic interest, and are intimately
comneeted with all the mo-t important scientific inventions of
the Age,—the Steam Engine, Photography, the Electric Tele-
graph, and others, as well as with many of the great processes
of Nature, in constant operation around us, and these cannot
be understood without a thorough knowledge of their element-
a'y Prineiples.

At thie same time they are among the most difficult portiors
of Physieal Science, and for their thorough understanding
a considerable amount of minute explanation and illustration
is required. The author has, therefore, treated them with some
copiou-ness of detail, and has endeavored to avoid that meagre-
ness of statement which aims to present only the bare facts of
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science ; while at the same time he has sought not to exceed
the limit beyond which his readers would be unable to follow
him without the aid of Mathematics. All matters of which a
knowledge could equally well be obtained from any good treat-
ise on Natural Philosophy have been omitted; and those
points have been clucidated with special care, which a some-
what extended expericnce as an Instructor bhas shown to be
peculiarly difficult of comprehension by the student.

The subjects which have been most carefully elaborated, are
Heat ; Roadiant Hea!; the transmission of Heat through me-
dia; Latent Heat ; the Steam Engine ; the Chemical Influence
of Light; Photography; Spectrum Analysis; the Galvanic
DBattery, and its heating, tUuminating, chemical and magnetic
effects ; the Electric Telegraph ; the Atlantic Telegraph; Elec-
tro-Magnetic Engires; the Fire-Alarm of Cities ; the Induction
Coils of Page and Ruhmkorff; the Mag .eto-Electric Machines
qf Saxton, Page, Holmes, Wilde, and Ladd, and their various
applications to Electro-Plating and Gilding, to the vllumination
of Light-Houses, and to Medicine. Much attention has been
paid to the modern Zheory of the Correlation, Convertibility and
Equivalency of the Physical Forces. Great pains has also been
taken to trace the history of the various scientific discoveries
described, and to give to their Authors the merit which is
justly their due. And at the end of every Section eopious
Lists of Experiments have been introduced, with minute direc-
tions for their preparation and performance, arranged with
reference to the convenience of teachers as well as of students.
It is believed that these Lists are much more complete than
any heretofore published.

An attempt has been made, both in the arrangement of para-
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graphs, and in their printing, to place the subject before the
student in a distinet light, and in a clear and systematic man-
ner. Besides a full catalogzue of subjects at the beginning, for
general use, a running title has been put at the top of each
page, and every paragraph provided with a heading printed in
heavy type, for the purpo:e of furnishing a continuous Table
of Contents, subject by subject, and also of enabling the teache,
to select those portions which he may deem the best adapted to
the wants of the student, whenever, for any reason, it is thought
expedient not to attempt the study of the whole.

As the merit of an clementary treatise like the present, must
consist rather in the judgment shown in the selection and ar-
rangement of materials than in the originality of its contents,
the Author has not scrupled to avail himself of aid from every
quarter. The works most frequently consulted have been Ga-
not’s ZTraite de Physique, Pouillet’s Elements de Physique, and
Miller’s Chemical Physics. The illustrations, where not origi-
nal, have been drawn from sources equally varied.

Should this volume meet with public favor, it will be followed
by a second on the same plan, upon Inorganic and Organic Chem-
is'ry. The Author takes this opportunity of expressing his ac-
knowledgements, for many important suggestions, to several
valued friends, and particularly to Mr. S. H. Clark, of Hart-
ford, for the great pains which he has bestowed upon the en-
gravings, and for the fidelity and skill with which he has exe-

cuted them.
B b0 o

HarTrorD, September 1st, 1869,
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CHEMICAL FORCES.

HEAT—LIGHT—ELECTRICITY.

CHAPTER I

SUBJECT-MATTER OF CIIEMISTRY: USES: HISTORY: THE
CHEMICAL AGENTS.

1. Origin cf the name Chemistry. The name Chemistry,
is said to be derived from the Arabic word Kimia, something
hidden or concealed, and from this, to have been converted into
Xnueie, a word first used by the Greeks about the eleventh
century, and meaning the art of making gold and silver. Be-
tween the fifth century and the taking of Constantinople in the
fifteenth century, says-Dr. Thomson, in his History of Chemis-
try, the Greeks believed in the possibility of making gold and
silver artificially; and the art which professed to teach these
processes was called by them, Chemistry. This idea, however,
has long since been thoroughly discarded, and is now no longer
heard of. ’

2. The nature of Chemistry. It explains the composition
of Matter. Chemistry is now a science of well-cstablished
laws and principles, the object of which is the study of the
composition of Matter. It informs us of what the various sub-

1 What is the derivation of the name Chemistry? What was the meaning of the
word among the Greeks? 1Is it any longer regarded as the art of making gold and sil-
ver ?—2 How is it now regarded? Enumerate its objects.
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stances in nature, the rocks, the soil, the water, the air, the
trees, the plants, the animals, and all the various solids and
liquids of the earth are made. It teaches us, alco, the number
and properties of these elementary substances, and the action
which they exert upon each other when mingled. It studies the
laws which regulate their union, ascertains the proportions in
which they combine, devises means for separating them when
combined, and seeks to apply such knowledge to the explanation
of the phenomena of Nature, and the improvement of the va-
rious Arts. ‘

3. Matter, what it is. Chemistry, it will be seen, treats of
the subject of Matter. The question therefore arises, What is
Matter? The name Matter may be given to any substance
which is cognizable by any one or all of the senses. Every
thing not cognizable by the senses, passes under tne name Im-
material. All matter possesses the four properties of Extension,
Impenetrability, Inertia, and Weight. We know that a body
possesses Extension, from its occupying a portion of space; we
know that it possesses Impenetrability, from its not allowing
another body to occupy this space at the same time with itself’;
we know that it possesses Inertia, from its want of power to
change its state, to move if at rest, to cease to move if in mo-
tion; we know that it possesses Weight, from its effect upon the
balance, and from the fact that it falls to the ground if its sup-
port be withdrawn.

4. Matter, though Inert, capable of being affected by Ex-
ternal Forces. Matter is in itself inert, but it is subject to the
control of certain forces,—1st. Cokesion. This force binds to-
gether particles of matter of the same kind, with more or less
strength, producing solid bodies of different sizes, and various
degrees of hardness and toughness. It acts only at insensible
distances, the closest proximity of the particles being required in
order to admit of its exercise. When this proximity has once
been destroyed, its restoration is a matter of great difficulty.—
2d. Adhesion. This is the force which unites unlike particles
of matter, when brought near to each other. Thus, if a rod of
glass be dipped in water or oil, particles of the liquid will adhere
to its surface. In common language, the rod is said to have be-
come wetted; in the language of science, adhesion has tak;en
place between the particles of glass and those of the liquid with

" 3 Give the meaning of the word Maiter? -What four properties does it possess?
What is meant by Extension? by Impenetrability? by Inertia? by Weight?—4.
‘What four Forces is Matter subject to? Define Cohesion. Define Adhesion.
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which it has been brought in contact. By the same force,
liquids are raised in fine tubes, provided there be adhesion
between them and the matter of which the tubes are made ; in
such cases, it constitutes a foree which is called Capillary At-
traction. In other cases it is the force which operates in the
use of cements and glue. It is unlike cohesion, in tending to
unite particles of different kinds, and in not requiring such close
proximity for its action—3d. Repulsion. This is the force
which prevents particles of the same body from coming into
actual eontact, and from being so tightly bound together by the
force of cohesion as to be incapable of separation. It is
supposed to be due to the presence of heat in bodies, and is
always the antagonist of cohesion. The state of a body as to
softness and hardness, depends upon the relative proportion exist-
ingb tween these two forces. When repulsion predominates, the
substan e will be very soft; but when cohesion is superior, it will
become proportisaally hard and tough. We possess the means
of increasing an 1 diminishing the force of repulsion in any sub-
stance, and, co1s>quently, of affecting many of its physical prop-
erties, by elevating or depressing its temperature.—4th. Gravity.
This fore> operates upon particles of matter, whether like or
unlike, and tends to draw them toward each other. It does not
require close proximity for its action, though its power is in-
creased as the square of the distance diminishes. This is the
force which tends to draw masses of matter towards the centre
of the earth, and to attract the earth itself, with all the planets,
to the sun. It is not confined, however, to such large masses
of matter as these. A pendulum, in vibration, will be sensibly
affected by the presence of a mountain in its neighborhood ; and
even smaller masses of matter, if susceptible of motion, tend to
approach each other under its influence.

5. The Three Principal States of Matter: folid, Liquid,
and Gaseous, Matter exists in three principal states, the Solid,
the Liquid, and the Gaseous. When the particles of a body
are in close proximity, and so firmly united as to be incapable
of any considerable change of place in reference to each other,
the body is said to be a Solid. When the particles are far
enough apart to admit of a very appreciable degree of motion,
they form a Liquid; and when they are separated so far
as to cease to be drawn towards each other at all, they con-
stitute a Gas, like the atmosphere, or a Vapor, like steam.

4. Define Repulsion. Deﬁn‘e vaiiy —b5. State the three ‘rinci al forms (;f Matter.
State the difference between So.ids, Liquids, and Gases. ] i
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The difference between gases and vapors, is that the former are
permanently aeriform at all ordinary temperatures, the latter
are the aeriform fluids, that are formed, by the addition of heat,
from various liquids, such as alcohol, ether, water, and mercury,
and they remain in the aeriform state only so long as their tem-
perature is maintained above a certain point; when their tem-
perature is reduced below this point, they immediately return
to the liquid state from which they sprung.

The existence of matter in one of these states in preference -
to the others, is chiefly due to the relative strength of the forces
of cohesion and repulsion.  When Cohesion predominates, the
body is in the solid state: when the two forces are in equilib-
rium, the body is in the liquid state ; and when Repulsion pre-
ponderates, the body assumes the gaseous state. As we have
the means of varying the force of repulsion by the addition or
abstraction of heat, oftentimes the same portion of matter may
be made to pass from the first of these states, through the second,
into the third, and then to return to its original condition. Thus,
ice, by the application of heat, may be converted into water; this
water, by the further addition of heat, into steam ; and when this
heat i3 withdrawn, the steam will return first into the state of
water, and then into that of ice. In the same way, many of the
permanent gases, by the combined influence of the abstraction
of heat, and mechanical pressure, may be reduced to the liquid,
and finally to"the solid state. s

6. The Peculiar Properties of Solids. Solids possess, to a
marked degree, the distinctive properties of matter, such as
Opacity, Transparency, Softness, Hardness, Elasticity or the re-
verse, Color, and Density. Their particles are al:o nearly
immovable, and pressure operating upon them is propagated
through them in right lines, or in a right line which passes through
their centres of gravity.

7. The Peculiar Properties of Liquids. Liquids exhibit the
characteristic properties of matter with less positiveness than
solids. They are all, with the exception of mercury, more or
less transparent. They are compressible only to a very lim-
ited extent, and, therefore, very slightly elastic. They differ
from solids, in propagating pressure, made at any one point, equal-
ly in all directions; consequently, a pressure of one pound to
the square inch, upon the side or bottom or any part of a liquid,

5. To what is this difference owing? Show the effect of increasing and diminishing
the force of repulsion in the case ot Ice.—6. State the peculiar properties of Solids.
How i8 pressure propagated through them ?—7. State the peculiar properties of
Liquids. Show how pressure is propagated through them.
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will be propagated in such away that the same pressure of one
pound will be experienced by every other square inch throughout
the liquid, and by every square inch of the vessel containing it.
The weight of a solid immersed in a liquid is diminished by
the weight of the mass of liquid which it displaces. Al liquids
therefore have a certain buoyant power. ‘Water is taken as the
type of liquids, becanse it possesses their marked characteristics
in an eminent degree.

8. The Peculiar Properties of Gases. Gases possess the
distinguishing properties of matter to a much less extent than
either Solids or Liquids. They are all transparent, and many
of them colorless; their particles are capable of an unlimited
degree of motion; they are very compressible, and highly elas-
tic, and tend, when compressed, to return with great force to
their original dimensions. As they are in a state of constant
compression, in consequence of the atmospheric pres-ure to
which they are always subjected, they are never in a state of
permanent equilibrium, but are continually striving to increase
in volume, and tending powerfully to expand. This is their
principal characteristic. They are greatly dilated by heat;
pressure is propagated through them, as through liquids, equally
in all directions ; some of them, by pressure and the abstraction
of heat, ean be reduced to the liquil, and even to the solid
state ; but the greater part of them, like the atmosphere, resist
every attempt at solidification, and remain permanently gaseous
atall temperatures. They also, like liquids, diminish the weight
of all solid bodies immersed in them, by the weight of a bulk
of the gas equal to that of the body immerszed. They conse-
quently possess also a certain buoyant power, and all bodies
therefore weigh less in air or other gases than they doina
vacuum.

9. The Atmosphere a Type of all Gases. Its Properties.
The Atmosphere possesses the properties of the Gases in the
most marked manner. It is perfectly clear and transparent. It
is very compressible, and by pressure may be made to occupy
much less space than it ordinarily does. It is highly elastic, and
tends, when compressed, to return to its original volume. The

=space which it ozeupies, depends upon the pressure to which it
is subjected: if the pressure be doubled, its volume is dimin-
ished one-half; if the pressure be diminished one-half, the space

-

7. What is the type of all Liquids?—8. State the peculiar properties of Gases.
Show how pressure is propagated through them.—9 State the principal properties of
the Air. What is the effect of pressure upon the space which it occupies ?
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occupied is doubled. - The atmosphere possesses weight, and
presses with an average force of about fifteen pounds upon
every square inch of the earth’s suriace. This pressure is the
weight ot a column of air resting upon a base who:e area is one
square inch, and extending from the lowest to the highest limit
of the Atmosphere. By the pressure of one atmosphere is
always meant, a pressure of fifteen pounds to the square inch.

The weight of the atmosphere varies continually, and this va-
riation is meazured by the rise and fall of the mercury in the
tube of the barometer. When the air is heavier, a longer column
of mereury will be supported; when lighter, a shorter column
ontv can be sustained. When the pressure is exactly equal to
fiftcen pounds, it will sustain a column of mercury thirty inches
higl, the weight of a column of mereury of that height, and with
a base one square inch in area, being exactly fifteen pounds.
One hundred cubic inches of air, at 30 inches of the barometer,
and 60° Fahrenheit’s thermometer, weigh 30.829 grains. The
bady of a man of medium size, exposzes a surface of about fif-
teen square feet, and he must consequently sustain a pressure
of more than 30,000 pounds, or about fifteen tons. This vast
weight is carried without effort, because, in consequence of the
propagation of pressure by the air, equally in all directions, the
external pressure is counterbalanced by an equal pressure ex-
erted from within, through the medinm of the air which pene-
trates into the interior of the body. As there is the same
amount of pressure upward, as there is downward, the air, in
fact, exerts a certain buoyant power, which tends to support his
body and render his movements even more free and easy than
they would be in a vacuum. As we ascend in the atmosphere,
its weight and pressure diminish; and at 2.7 miles its pressure
is but seven and a half pounds to the square inch, and the ba-
rometer stands at only fifteen inches. The height of the mer-
cury in the tube of the barometer, is therefore an excellent
measure of altitude. On the contrary, as we descend below
the level of the sea, the atmospheric pressuré increases, and the
mercury in the tube of the barometer has been known to rise to
forty-five inches. The extreme range of the barometer between

_ the highest altitudes reached in balloons, and the greatest depth

beneath the level of the sea, is from thirty-three to thirty-

9. What is the pressure of the Atmonsphere to the square inch? By what instru-
ment i3 the atmospheric pressure measured? What is the amount of this pressure upon
the body of a man? What change takes place in the atmospheric pressure as we ascend
into the air? What is the range of the barometer? What is tho variation of pressure
upon the body of a man within these limits ?
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four inches; and as the variation of one inch produces a change
of pressure upon the body of a man, of 1,000 pounds, the vari-
ation of pressure experienced in these cases amounts to thirty-
three or thirty-four thousand pounds. The distance to which
the atmosphere extends above the earth cannot be very accu-
rately determined, but is estimated at about forty-five miles.

10. The Greneral Properties of Matter, as Solid, Liquid and
Gaseous, are treated of by Natural Philosophy. These gen-
eral properties are essential to Matter, and must be taken into
view in forming a correct idea of it. They constitute the sub-
jeet of Natural Philosophy, and it is to that scicnce that we
must resort for a detailed and systematic description of the gen-
eral properties of the matter of the universe, as it exists in the
three different states, solid, liquid, and gaseous. But partic-
wlar kinds of matter, forming the various special substances that
surround us, possess additional properties which it is the pecul-
iar province of chemistry to investigate. The general proper-
ties of matter must, however, first be understood; and therefore
an acquaintance with the first principles of natural philosophy
is a necessary preliminary to the study of chemistry; while, on
the other hand, a knowledge of chemistry is a necessary sup-
plement to natural philosophy, if it be wished to have a com-
plete understanding of the true nature of the various forms of
matter which surronnd us.

11. Chemistry trzats of the same Propertics of Matter as
Natural Philosophy, and of others beside. The properties of
Matter treated of by natural philosophy are very different from
those investigated by chemistry. Natural philosophy makes
no other distinetion in bodies than that of solids, liquids, and
gases. In her view all solids are alike, all liquids, and all gases,
because they all possess the same general properties. Chem-
istry, on the other hand, treats of every particular solid, liquid,
and gas, and shows in what respects each differs from every
other. Natural philosophy takes notice only of the external and
obvious properties of bodies, such as Color, Weight, Density,
Elasticity, and those which belong to all matter in the mass,
whether solid, liquid, or gaseous. Chemistry, on the other
hand, deals with the internal constitution of Matter, seeks to
take it to pieces, to resolve it into its elements, to ascertain of

9. What is the height of the Atmosphere >—10 What science takes note of the
general properties of solids, liquids, and gases ? What science treats of special kinds
of Matter?—11. What is the difference between natural philosophy and chemistry ?
Why is chemistry a science of analysis?
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what simple substances every variety of it consists, and to study
the properties and relations of each. It is essentially a science
of analysis, and its great object is to find out what all sub-
stances are made of, and what action they exert on each other
when brought into contact; tostudy the nature of the compounds
which they form, and to ascertain the character of the force
which produces their union.

12. The Study of DMatter forms the Subject of other Sci-

ences besides Natural Philosophy and Chemistry, viz., Min-
eralogy, Botany, and Zoology. If we regard material objects

in reference to their external form, the different arrangement of
their parts, their power of growth, of motion, and of reproducing
other objects like themselves, in short, if we regard Matter as
entering into the structure of minerals, plants, and animals, and
classify these according to the degree of resemblance found in
their internal and external organization, we are led to the three
descriptive sciences which constitute Natural History, viz., Min-
eralogy, or the description and history of minerals, Botany, or
the description and history of plants, and Zodlogy, or the de-
scription and history of animals. If, on the other hand, we
regard material objects entirely apart from their form and or-
ganization, and only as composed of matter in general, we are
confined to the sciences of natural philosophy and chemistry.
13. Diference between Natural Philosophy and Chemistry
illustrated by an Example. Take a piece of marble, for in-
stance : it possesses weight, and is influenced by the force. of
gravity ; it has color, density, opacity; it is composed of small
particles bound together by the force of cohesion, and these
particles, however minute, are yet, each of them, as truly marble
as any portion of the mass, however large. 'These are the only
properties of the marble which are noticed by natural philos-
ophy ; but there are others, besides. Iach little particle of the
marble, however small, is a compound substance, made up of
three elements, very different from marble, and very different
from each other in all their properties, viz.: a metal named Cal-
cium, common charcoal or Carbon, and a gas named Oxygen.
These three substances, when brought into close proximity,
exert a certain actiorn upon each other: they are drawn toward

12. What other sciences does the study of matter include? What is Mineralogy ?
What is Botany? What is Zoology ?—13. Illustrate the difference between natural
philosophy and chemistry by a piece of marble. What force unites the particles of mar-
ble of which a mass of marble consists? To what science does the consideration cf the
force of cohesion belong? "What are the three substances of which each particle of
marble is composed ? »
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each other, and tend to unite to form a fourth substance entirely
distinet in all its properties from those of the elements that enter
into it. There are more than sixty such elementary substances,
all of which tend to act upon each other, and to unite so as to form
new substances, whenever they are brought into contact. It is
the properties possessed by these elements, and by the compounds
which they form, the force which unites them together, and the
character of the action which they exert upon each other, that
constitute the subjects of which chemistry takes cognizance.

14. Chemistry is a Science of Experiment. With many va-
rieties of Chemical Action we are familiar. Sugar dissolves in
water; bright iron rusts in the air, and when heated in the fire,
becomes covered with black scales; wood arid coal burn, and are
converted into invisible gases; illuminating gas gives forth light
and heat, and then disappears ; soda powders, when mingled in
water, produce a large quantity of gas, which eseapes in foam;
charcoal, when inflamed, gives forth an invisible gas which puts
out lighted candles, and destroys life. With these, and many
other instances of the action of different kinds of matter on each
other, we are already familiar, for they fall under our notice
every day ; but it is chemistry which investigates and explains
them. Where this explanation is not easy, experiments are
invented for the purpose of ascertaining the truth. Chemistry,
consequently, is a science of experiment.

15. A Chcmical Experiment: what Fig. 1.
itis. A Chemical Experiment is a
process devised for the purpose of elicit-
ing or illustrating some important chem-
ical truth. Suppoze we wish to ascer-
tain of what common Salt is made : we
pour some_common sulphuric acid or oil
of vitriol, which may be procured at
any druggist’s, upon a little table salt in
a glass flask provided with a cork and
a piece of bent tube like that in Fig. 1.
Sulphuric acid is a compound of sulphur
and oxygen gas, and is a thick and oily
liquid. As soon as it touches the salt,
an effervescence is produced, and a =
white, pungent vapor formed, which es- 4 Ciemical Eperim-az.

13. How many elementary substances are there? Mention the subjects of which .
chemistry takes cognizance.—l4. Mention some instinees of ehemical action.—15. 1f
we wish to know of what common saltis composed, what do we do? What is sulphurie
aeid ?

? 1*
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capes into the air. If now the end of the tube discharging the
vapor be dipped into a wine-glass partly filled with a solution
of purple cabbage, the purple color is immediately turned to
red; if dipped into water, the water becomes acid. We cor-
clude, theretore, that common salt eontains a substance, which,
when driven out by sulphuric acid, has a most pungent and
irritating odor, an acid taste, and the property of turning veg-
etable blue colors red. We say, therefore, that salt, when
treated in this way, gives forth an acid. 'This is what is called
a Chemical Experiment; and the science which devises pro-
cesses like this, and traces their results, is called the science of
chemistry.

16. Chemistry is connected with many Curious Processes
in the Arts. If into the flack used in the experiment just de-
scribed, still containing oil of vitriol and salt, we put a little
oxide of manganese, and apply heat, the white vapor disap-
pears, and is replaced by a gas of a green color; and what is
very singular, if this green gas be made to pass into a wine-glass
containing a solution of purple cabbage, or some of the liquid
turned red in our last experiment, these liquids almost at once
become colorless, and we observe, as the bubbles of gas es-
cape, that they diffuse a very disagreeable odor. Here we have
another experiment illustrative of a Chemical process of a very
curious and important character, one which is daily performed
upon an immense scale, in the arts, for the purpose of bleaching
the cotton and linen fabries which we wear, and of making the
rags from which writing and printing papers are manufactured,
fair and white. The green gas in this experiment is called
Chlorine, and it is contained in common salt, united with a
bright and shining metal named Sodium. Common salt is com-
posed exclusively of these two elements, and takes from them
its ehemical name, Chloride of Sodium.

17. Chemistry explains the nature of Medicines. If, again,
into this green Chlorine gas, we dip a little hot Mercury, the
metal immediately begins to burn, and to emit a white cloud,
producing a substance known in medicine as Corrosive Subli-
mate, a virulent poison composed of chlorine and metallic mer-
cury. The medicine Calomel is also composed of chlorine and

15. What takes place when sulphuric acid is poured on the salt? What effect has
the substance driven out of the salt, on vegetable blues?-—14. What process in the
arts is explained by chemistry ? What is the green gas named that is driven out of the
#alt? What other substance besides chlorine is contained in salt >—17. What is the
effect of putting hot mercury into chlorine? What is the difference between corrosive:
sublimate'and calomel ?
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mereury, but it has double the quantity of mercury in it that
corrosive sublimate has. Calomel may therefore be made by
adding an additional quantity of mereury to corrosive sublimate.
Here we have another chemical process of great importance in
the preparation and administration of medicines.

18. Chemistry explains the change which Respiration pro-
duces in the Air. If; through a piece of glass tube, we breathe
air from the mouth into a tall wine-glass containing lime-water;
the water will immediately acquire a white color and become
turbid ; and if] after breathing some minutes, we gently lower
a lighted taper almost to the surface of the water, it will be at
once extinguished. A small insect, introduced in the same
manner, will soon die. From this experiment it is evident that
there issues from our mouths in breathing, an invisible substance
which has the power of turning lime-water white, extinguishing
lights, and destroying animal life ; and this explains why it is,
that if a number of persons are confined in a small closed room,
unprovided with means for ventilation, they are soon suffocated.
This invisible gas is called Carbonic Acid, and is a compound
of Charcoal and Oxygen. It is produced by the burning of
charcoal, and gas, and oil, as well as by the breathing of animals,
and this accounts for the fact that death is so often caused by
the burning of these substances in closed apartments, and shows
the necessity of free ventilation. Here we have a great danger,
the real nature of which is made known to us, as well as the
importance of guarding against it, by the science of which we
propose to treat.

19. Chemistry is connected with Agriculture. The farmer,
as is well known; if he wishes to inerease the amount of his
crops, plentifully manures his fields. Chemistry teaches us that
one of the most important constituents of all animal manures is
the gas Ammonia, and shows how its escape into the air, be-
fore the manure is worked into the soil, can be prevented. It
teaches us that ammonia is itself composed of two other distinet
gases, Nitrogen and Hydrogen, in the proportion of one atom of
the former to three of the latter, and that it is the substance
which gives to common hartshorn its pungent odor and other

17. Of what use is chemistry in the manufacture of medicines ?—18. What takes
place when breath is forced from the lungs through lime-water? What happens to a
lighted taper introduced into the wine-glass? To an insect? What change is produced
in the air by respiration? By the burning of gas and 0il? Why is ventilation neces-
sary 2—19 What valnable substance does chemistry disclose in manure? What is am-
shoeia?  What has it to do with guano?
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characteristic propertics.  Chemistry shows us how we can ap-
ply it to plants in other forms than that of barn-yard manure,
espeeially in the state of guano, points out the special manures
that different plants require, and teaches us how to manutaciure
them. It is to chemistry that we are indebted for our knowl-
edge that Phosphorus is valuable as a fertilizer, particularly in
the culture of wheat and other graing, that it is a simple sub-
stance contained in bones, and that bone-dust and the phosphates
of Lime, which are made from bones, are of great value for
enriching the soil.  That plants require ample supplies of proper
food in order to thrive, and that without it they must languish
and die, is another truth of the greatest importance, for which
we are chiefly indebted to this science.

20. Chemistry treats of the Extraction of Metals from their
Ores. It is Chemistry that shows us how to extract iron and
other metals from the stony ores in which they are found in the
sarth, and explains how, by heating these, after they have been
ground and mixed with charcoal and lime, the pure metals are
left behind, and the impurities with which they were mingled are
separated from them. It is therefore to chemistry that we ave
indebted for the. iron employed in the construction of railroads,
steamboats, and every kind of machinery, as well as for the other
metals which are used so abundantly in the various arts. It is
chemistry also, by teaching how to extract phosphorus from
bones, that enables us to manufacture the common friction match
abundanly and cheaply.

21. Chemistry is connected with the Manufacture of Gas,
and with most of the Useful Arts. The printing of calico, and
all processes for dyeing cloth, the preparation of illuminating gas
from coal and oil, the making of soap and candles, the distilla-
tion of perfumery, the raising of bread, the manufacture of soda
water, and innumerable arts of a similar kind, all depend upon
chemical principles.

22. Chemistry explains the Great Natural Processes of
Respiration and Combustion. Iinally, it is Chemistry that
explains why atmospheric air is essential to the life of animals

19, What substance, valuable as a fortilizer, is found in bones? What great agricul.
tural truth is taught by chemistry 220, What science explains the extraction of n.et-
als from thelr ores? To what science are we indebted for the cheap and abundant
supply of fron? Of phorphorua and friction matches’—=21 What other arts are de-
pendent upon chemistry for successtul proseention 7-=22 What light does chemiistry
throw upon respiration and combustion 7 as it anything to do with the life of animals
aud plants, or with the lighting of fices, the generation of steam, or the movement of
machinery ?
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and plants, and that it i3 by the rapid combination of the Car-
bon and Hydrogen of wood and coal with the Oxygen of the
air, that combusiion is produced. Thus Chemistry teaches us
what it is that keeps vegetable and animal life in existence, and
what it is that furnishes the heat required in most of the arts,
in cooking, in warming houses, in generating steam, and setting
in motion steam engines, steamships, and all the rest of our
varied and complicated machinery.

23, The Importance of Chemistry. Thus we see very plainly
how important a knowledge of its principles must be to every
manufacturer of cotton and paper, to every physician, farmer,
and worker in metals; to all makers of locomotives and steam
engines ; to all manufacturers of gas, and indeed to all persons,
whatever their occupations, since it enables them to earry on
their various pursuits sucecessfully, and to preserve their health,
while, at the same time, it gives them an intelligent apprecia-
tion of the great operations of Nature which are continually
going on around them. The phenomena of combustion, of res-
piration, of artificial illumination, and of the action of the at-
mosphere on the soil, are all explained by it, and a knowledge
of its principles should be possessed by every intelligent man.

24. Chemistry furnishes Striking Proofs of Design, No
Science furnishes mere striking instances of Design in Creation,
more convincing proofs of the existence of God, or more sat-
istactory illustrations of Iis Power, Wisdom, and Goodness.
It teaches more forcibly than any other Science, our entire de-
pendence from moment to moment, for life and breath, upon a
Being higher than ourselves, and that it is not in man, whose
breath is in his noatrils, to direct his own steps; shows how im-
possible it is to violate any even of the Physical Laws of the
Almighty with impunity. and conduces powerfully therefore to
the promotion of principles of Humility, Devotion, and Obe-
dience.

25. The History of Chemistry. The History of Chemistry
commences with the first efforts of man to appropriate the nat-
ural world to his use, and to fabricate out of rude matter, articles
of luxury and necessity. A praetical knowledge of the chem-
ical properties of common substances must have been possessed
from the carliest ages, by all persons engaged in the extraction

23. To what trades and professions is a knowledge of its principles essential? Why
should all persons desire to know something of tais science ?—24. What ligat does it
throw upon the relations of Man to his Creator? What Joes it show in regard to the
character of God 2—25. Trace the History of Chemistry.



14 USE OF THE BALANCE.

of metals from their ores,and in the manufacture of soaps, dyes,
and glass. The art of making leavened bread required a knowl-
edge-of practical chemistry. The lighting of a common fire is
one of the most beautiful and striking of all chemical processes;
and the earliest chemist, beyond all question, was the man who
first struck a spark from the flint, in order to produce flame.
Experience daily added to the stock of chemical knowledge.
In the course of time this knowledge was greatly increased by
the invention of ingenious experiments, and by the researches
of the Alchemists. These singular men prolessed the art of
converting the baser metals into gold: this they believed could
be effected by means of the Philosopher’s Stone, which they
described as being a red powder having a very peculiar smell,
They also entertained the opinion that there was a great similar-
ity between the mode of purifying gold and curing. disease,
and that the Philosopher’s Stone was also an Elixir of Life,
by the use of which the existence of man could be indefinitely
prolonved But it was not until about the year 1774 that Chem-
istry became fairly entitled to rank among the Sciences, wlen,
in the hands of the illustrious Lavoisier, the Balance was called
in, for the purpose of applying its rigorous test to the results of
all chemical experiments. Since that time its progress has
been rapid and brilliant; and hardly any names shine more
brightly on the rolls of fame, than those of the Philosophers
who have devoted themselves to this Science. Priestley, Caven-
dish, Watt, Lavoisier, Davy, Faraday, and Licbig, possess a rep-
utation limited to no age or country.

26. Weight and Proportion of Great Importance. Modern
Chemistry depends upon the Usc of the Balance. As Chem-
istry undertakes to teach the compdsition of matter, it not only
requires that the different substances entering into a compound
should be pointed out, but also the proportions in which they
combine. This demands the constant use of the Balance, and
renders the subject of weight one of the greatest importance to
the chemist. Nearly all the great chemical truths have been
rigorously examined and tested by this instrument, and it is
therefore of as much importance to the chemist as the telescope
is to the Astronomer. It is constructed with the greatest accu-
racy, and so much importance is attached to its indications, that
the general division of substances into ’onderable and Impon-

25. Who were the Alchemists 7—25. ITow i3 the subject of proportion connected thh
chemistry ? Why is the Balance necessary ? Ilow should it be constructed ?
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derable is founded upon them, the former class embracing ev-
erything that has, the latter, everything that has not any appre-
ciable weight. ‘

27. Other Apparatus requirsd in the Study of Chemistry.
Besides the balance, the most important apparatus required in
chemistry is an air pump, an electrical machine, a powerful
gas lamp, alcohol lamps, a platinum crucible, a small galvanic
battery, a pneumatic cistern, bell glasses for the collection of
gases, graduated jars for their measurement, precipitate glasses;
flasks, retorts, glass tubes of various sizes, India rubber bags
and tubing, all of which may be obtained at no great expense;
and there is no one who may not very easily attain such a
knowledge of the science as to be able to add something to the
stock of chemical knowledge.

28. The Pundamental Principle of Chemistry is the Indes
structibility of Matter. The most striking of all Chemical
phenomena is the indestructibility of Matter, a truth verified
only by the constant use of the balance. Whatever changes
may be made in the appearance and form of matter by any
chemical process, none of it is destroyed. The sum of all the
results of every chemical process weighs exactly the same as
the sum total of the weight of all the matter that entered into
the process. This is true of the combustion of wood and coal
in air. If the coal be weighed on the one hand, and on the
other, the air which surrounds it, and which serves to produce
the combustion, it can be proved with perfeet exactness that
the sum of the ashes left, and of the water and gas that are
formed, is equal in weight to the sum of the weights of the
coal and of the air which has been consumed. When mers
cury is heated in a vessel of confined air, it is eventually con-
verted into a mass of red scales, by uniting with one of the
elements contained in the air, and the volume of the air
within the vessel is at the same time considerably diminished.
If the red scales be now weighed, they will be found exactly
equal in weight to the sum of the weights of the mercury and
of the air, which have disappeared; in other words, the weight
of the compound produced is exactly equal to the weight of the
elements which have combined in order to form it. All chem-
ical processes may therefore be expressed in the form of an

26 What is the diférence between Ponderable and Impondernble substances? 27.
What other apparatus is required besides the balance? 1s it within the power of all
persons to acquire a knowledge of this science?—28. What is the fundamental princi-
ple of chemistry ? '
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equation. On one side should be placed all the substances that
enter into the process ; on the other, all the results, solid, liquid,
and gaseous; in every case, these are exactly equal to each other.
The principle laid down by Lavoisier, and established by the use
of the balance, is, THAT IN NATURE NOTHING IS LOST, AND'
NOTHING CREATED. Substances may be combined, or sepa-
rated from each other; but whether combined or separated,
they exactly preserve their weight. The end, therefore, which
chemistry seeks to attain, is the thorough study of all the pon-
derable matter of which the earth consists, whether organic or
inorganie, animal or vegetable, mineral or metallic, liquid or
gaseous. Since Lavoisier conceived the happy idea of introdu-
cing the balance into the study of chemical phenomena, this
science has advanced with steady progress, determining the
composition and ascertaining the mutual relations of all the dif-
ferent kinds of matter, showing that they are composed of a
comparatively small number of elementary or simple substances,
united in regular proportions, and proving that the great chem-
ical processes uneeasingly going on in Nature, result from the
action of these simple and compound substances upon each other.

29. Simple and Compound Substances, what they are. A
compound substance is one which can be taken to pieces and
separated into two or more distinet substances having different
properties: thus, Water is a compound substance, and may be
separated into two gases, Hydrogen and Oxygen, one of which,
Hydrogen, is inflammable, and much lighter than the air;
the other, Oxygen, not itself inflammable, makes combustible
bodies burn with great fury and brilliancy, and is heavier than
the air. Neither Oxygen nor Iydrogen, however, can be sep-
arated into other substances, nor can any other substance be
extracted from them; consequently they are called Simple sub-
stances, or Elements.

39. The Meaning of the Word, Elemeat. When it is
said that a chemical substance is an Element, it is only meant
that so far as we at present know, it is incapable of decompo-
sition. Future researches may show that many of thosze now
regarded as simple substances are really compound, and that

28. Ilow may all chemical processes be expressed in the form of an Algebraic Equa-
tion? What great principle was laid down by Lavoisier? What has been discovered in
rexard to the simple and compound substances of which matter is composed ?—Z29.
What is a compound substance? What is a simple substance? - Illnstrate this differ-
‘ence in the caxe of water. Is oxygen simple or compound? Why is it called a simple
substance?—3). What is an element? Are we absolutely sure that any substance is an _
element ? .
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some of those now considered compound are really simple.
Chlorine was for a long time considered a compound of Oxygen
and Muriatic acid ; but Davy showed that it is truly a simple
substance. Potash, on the other hand, was universally regarded
as a simple substance, until the same philosopher proved that it
was composed of the metal Potassium, and Oxygen.

31. The Number of the Elements. The number of the El-
ements is not as great as might be supposed. Chemists have a3
yet discovered only <1xty-ﬁvc. Of these, fifteen are called met-
alloids, the remainder are metals. The metalloids are very
extensively diffused, but the greater part of the metals are quite
rare; not more than one-third are used in the arts, and some of
them are found in such small quantities as to have been detected
ouly by the most refined analysis. The list of ihe elements is
steadily increasing ; four new metals, Caesium, Rubidium, Thalli-
um. and Indium, have been discovered within the last four years.

32. Th:z Constitution of some of the most Important Chem-
ical Compounds. By the steady prosecution of chemical re-
search, the composition of nearly all the different forms of mat-
ter upon the earth has been determincd. The metals are all
simple substances, and therefore incapable of decomposition; so
also are sulphur, carbon, phosphorus, iodine, bromine, and the
gases, oxygen, hydrogen, nitrogen, and chlorine. Water is com-
posed of eight parts by weight of oxygen, and one part by
weight of hydrogen; air, of four-fifths by volume, nitrogen, and
one-fifth oxygen ; sulphuric acid, of sulphur and oxygen; sul-
phurous acid, also, of sulphur and oxygen, but less oxygen than
the preceding; nitric acid, of nitrogen and oxygen; nitrous acid,
of nitrogen and oxygen, but less ¢ oxygen than the prccedmg;
chloro-hydric acid, of chlorine and hydrogen, and is sometimes
called muriatic acid; carbonic acid, of carbon and oxygen, and
is an invisible gas, Tike the atmosphere; illuminating gas is a
compound of carbon and hydrogen; ammonia, of mtrogen and
hydrogen. Potash is an oxide of potassium, and is composed
of oxygen and the metal potassium; soda is the oxide of sodium,
and is composed of the metal sodium and oxygen; lime is the
oxide of calcium, and is composed of the metal calcium and

3). How was chlorine formerly regarded? IIow is it now regarded? IHow is potash
regarded 7—31 What is the 1 umber of the clements? llow many of them are non-
metallic? Ilow many are used in the arts? What js s2jd in regard to their abundance ?
Ilave any new elements been recently discovered? What are thev? 382. What is the
composition of water? of air ? sulphuric acid? carbonic acid? sulphurous acid ? nitrie
a(-ul7 nitrous acid ? chloro-hydric acid ! muriatic acid? carbonic acid? potash? soda?
time?
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oxygen. The compounds of oxygen and the different metals
are called oxides: thus, there is the oxide of mercury, of
iron, of lead, of tin; the compounds of chlorine and the metals
are called chlorides, as the chloride of sodium, or common :alt,
the chloride of mercury, or corrosive sublimate, the chloride of
ammonia, or sal ammoniac; the compounds of iodine with the
metals are called iodides, as the iodide of mercury, the iodide
of potassium. The compounds of sulphuric acid with the differ-
ent metallic oxides are called sulphates, as the sulphate of iron,
compo:ed of sulphuric acid and oxide of iron; sulphate of lime,
of sulphuric acid and lime, or the oxide of calcium; sulphate of
soda, of sulphuric acid and soda. or the oxide of sodium; sul-
phate of potash, of sulphuric acid and potash, or the oxide of
potassium. The compounds of nitric acid and the metallic ox-
ides are called nitrates, as the nitrate of lead, composed of nitric
acid and oxide of lead; nitrate of iron, of nitric acid and oxide
of iron. The compounds of chloro-hydric acid and the me-
tallic oxides are called chloro-hydrates, as the chloro-hydrate of
iton, composed of chloro-hydric acid and oxide of i1on; chloio-
hydrate of lime, of chloro-hydric acid and lime, or the oxide of
calcium. The compounds of carbonic acid and the metallic ox-
ides are called carbonates, as carbonate of potash, composed of
carbonic acid and potash; carbonate of soda, of carbonic acid
and soda; carbonate of lime, of caibonic acid and lime, &e.

33. Chemical Affinity, or the Force by which the Elements
areunited. The force by which the clements are united into
the different compounds of which matter chiefly consists, is the
force of Chemical Attraction or Affinity. There is no element
which has not a powerful tendency to unite with others, and
this is the reason why simple substances are so seldom found
uncombined in Nature. This tendency is not possessed by them
all in an equal degree, and hence some are found in a free state
much more frequently than others.  This force of Affinity differs
both from Cohesion and from Gravity. It differs from gravity,
in that it acts at insensible distances. It differs from cohesion,
in that it tends to unite only particles of different kinds, while
cohesion tends to unite particles of the same kind. Thus,
a piece of marble is a collection of small particles attached to

82. What is the composition of oxide of mercury? oxide of iron? chloride of sedivm ?
sal ammoniac? chloride of mercury ? lodide of mercury ? sulphate of iron? sulphate
of lime? nitrate of lead? nitrate of ammonia? carbonate of potach? carbenate of
-lime ?—383. What is the force by which the elements ace united? Describe this force.
Yiow does it differ from cohesion? How does it differ from gravity? Illustrate the na.
ture of aflinity in the case of a piece of marble.
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each other by cohesion: these are called integrant particles,
and each of them, however minute, is as perfect marble as the
mass itself. Each of these integrant particles, however, con-
sists of three distinct substances, caleium, carbon and oxygen,
which are different from one another, as well as from marble,
and are united by Affinity: these are the constituent particles
of marble, and it is of these that Affinity has the exclusive con-
trol. The study of this force is essential to the chemist, and,
indeed, chemistry may be defined, the science whose objeet is,
to examine the relations that Affinity establishes between bodies,
ascertain with precisioa the nature and constitution of the com-
poands it produces, and determine the laws by which its action
is regulated.

34. Ths Active Agents of Chemistry, But, while Affinity
is the force hy which the Elements arve united, it is itself con-
trolled and molified by the three great agents, Heat, Light, and
Electricity. Thus, the electricity produced by a small galvanic
battery can effect the decompozition of water, a firm and stable
chemical compound; and this decomposing action of the battery
is not limited to water, but extends to a very large number of
compound substances. In like manner, heat will decompose
limestone, or the carbonate of lime, and drive off the earbonic
acid; it will also decompose chlorate of potash, oxide of mer-
cury, oxide of manganese, nitrate of potash, and, in faet, the
larger part of all chemical compounds. Light, though acting
with less intensity than the two preceding agents, nevertheless
prodaces analogous effeets, and decomposes many compound
substances. This is shown in a striking manner in its destruc-
tion of the colors of various bodies, and especially in the power
which it gives to the leaves of plants of decomposing earbonic
acid. Oa the other hand, these agents will often effect the
union of substances which under ordinary circumstances refuse
to combine. Thus, oxygen and hydrogen will remain uncom-
bined for years, though mingled in the same vessel in proper
combining proportions; but if the smallest particle of any sub-
stance in active inflammation be applied to the mixture, they
will unite instantaneously with a violent detonation, at the same
time forming a small quantity of pure water. The same is true

- of carbon and oxygen, which will remain uncombined for ages,
{ though in the closest proximity; but if the smallest particle of

84 By what is Affinity controlled? What are the Active Agents of Chemistry ?
Give some inst: of d ition produced by them: of combination.

P
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the carbon be hea‘ed red-hot, combination will immediately en-
suc and proceed with the greatest intensity. In like manner,
electricity, if made to pass through a mixture of oxygen and
hydrogen, will cause them to unite with a violent explosion; and
if a succession of electrie sparks be transmitted through a mix-
ture of oxygen and nitrogen, we shall find that they have been
made to combine and form nitric acid. In the same manner, a
beam of bright sunlight, allowed to fall upon a mixture of equal
volumes of chlorine and hydrogen, will cause them 10 combine
with a violent explosion, and form chloro-hydric acid. It is evi-
dent, therefore, that the force of Affinity is to a great extent
under the control of these agents, and it is in tleir application
for the purpose of medifying this force, that the chemical
arts chiefly consist. Their nature ought therefore to be thor-
oughly understood. They are al:o closely connceted, in some
mysterious manner, with the constitution of matter, o that this
constitution can not be altered witliout their manifestation. They
play a prominent part in the most brilliant phenomena of Na-
ture; they meet us on every hand; they are everywhere pres-
ent, and are possessed, therefore, of a paramount interest. No
chemical process, whether performed on a great scale in Na-
ture, or on a emall scale in the arts or in the Jaboratory, can
be carried on without the development or the action of 1kese
three agents. 'Thus, in the experiments already describied, the
rapidity of the process in every case is much increased by the
application of Heat. In some of them great Heat is produced;
in others, currents of Electricity are set in motion; and ofien-
times the result of both is the production of vivid Light.

35. The Chemical Agents, Heat, Light, and Electricity,
are commonly called Imponderables. From the active and
energetic nature of Heat, Light, and Electricity, they are called
the Chemical Agents; and from the faet that they pcss:ss no
appreciable weight, so that a body is no heavier for their accu-
mulation, or lighter for their abstraction, they are named the
Imponderables. They can not be confined or exhibited in a
mass, like ordinary bodies; and can only be collected through
the intervention of other substances. Their title to be consid-
ered material is therefore questionable, and the effects produced
by them have accordingly been attributed by some to certain

84. Why should these agents be thoroughly understood? Is it possible to change
the constitution of any substance, without meeting with them ?—35 \Vhy are heat,
lightand electricity called Imponderables? Mas their title to be called material ever been

questioned ?
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motions or affections of common matter. By some they are con-
sidered as only modes of motion, and as convertible into each
other; and this view is beginning, of late, to attract considera-
ble attention. It must be admitted, however, that they appear
to be controlled by the same powers which act on matter in
genaeral, and that some of the laws which have been determined
concerning them are exactly such as might have been anticipa-
ted on the supposition of their materiality. Hence it follows
that we need only regard them as subtile species of matter, in
order that the phenomena to which they give rise may be ex-
plained in the language and according to the principles which
are appliad to material substances in general; and as such’they
will be coasidered in what immediately follows, the thorough
discussion of their true nature being reserved until we have be-
come familiar with the principal facts connected with them.

36. Tie Study of Chemistry should begin with the Chemi-
cal Agents. As Ieat, Light, and Electricity exercise a control-
ling influence over Aflinity, and are possessed of so much inter-
est and importance in the explanation of chemical phenomena,
it i3 necessary to commence the study of this science with an
examination of their principal qualities. We can then pro-
ceed to the study of the composition and chemical properties of
the different kinds of matter, and the various and extraordinary
chinges which result from their mutual action.

Chemistry is therefore usually divided into two portions.
The fisst treats of the Chemical Agents, Heat, Light, and Elec-
tricity, and is commonly called Chemical Physics; the second,
of the Caemical properties and relations of the various kinds
of matter. The second of these two portions is, however, itself
also divided into two parts, the first treating of the chemical
properties of the Inorganic, the second of-the chemical proper-
ties of Organic matter. 'The general arrangement of every
complete treatise on Chemistry will therefore be as follows:—

Part I. Chemical Physics: Heat, Light and Electricity.

Part IL. Inorganic Chemistry. Part III. Organic Chemistry.

This treatise is devoted exclusively to the 1st Part, viz,
Chemical Physies: Heat, Light and Electricity.

Inorganic and Organic Chemistry are reserved for another
volume.

35. What other view is taken of them ? Which view meets with the most favor?
Way is it convenient to regard them as material? What view is taken of them in the
present work ? When will their troe pature be considered ?—35. With what should
the studv of chemistry commence? What subject immediately succeeds the Chemical
Agents? Into how many parts is chemistry divided? What does the first part trest oi?
W 11t is chemical physics? What does the second part treat of? What is the general
arrangement ? What is the subject of this volume?
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CHAPTER IL

THE FIRST CHEMICAL AGENT (—HEAT.

DIFFUSION OF HEAT ! EXPANSION { LIQUEFACTION ! EBULLITION ! EVAP-
ORATION ! SPECIFIC HEAT | SOURCLS OF HEAT ! NATURE OF HEAT.

§ 1. — Diffusion of Xleat.

37. The Natare of Heat, Heat is known only from its ef-
fects. It has never been isolated, or completely separated from
material substances, so as to be obtained in a perfectly pure
and uncombined state, and consequently its true nature is alto-
_gether a subject of inference and hypothesis. There are two
theorics in regard to the nature of Ileat, which serve with nearly
equal completeness to explain al the phenomena to which it
gives rise. According to the first, Ileat is material, and sub-
ject to all the laws, which control ordinary matter. It is re-
garded as an extremely subtile fluid, pervading all space, enter-
ing into combination with bodies in different propertions, producing
the various effects, of change of temperature, expansion, lique-
faction and vaporization. The second theory regards it as the
effect of undulation or vibration, produced either in the constit-
uent molecules of bodies themselves, or in a subtile fluid which
pervades them. DModern science seems to lean at the present
moment decidedly towards the latter of these theories; but as
the former is simpler and more easily understood, and greatly
facilitates the demonstration of the principal properties of Heat,
it is the one generally preferred for the explanation of the effects
which are produced by this agent.

38. Heatexists in two states. Ieat exists in two states:
first, as free and sensible; second, as combined and latent. In the
first state it gives rise to what i3 called the sensation of leat,
affects the thermometer, and produces all the familiar results
invariably ascribed to its agency: in the second, it enters into
combination with bodies, and tends to alter their condition, pro-
ducing the liquefaction of solids, and converting liquids into
vapors; when such a change in the state of matter is accom-
plished, a large amount of Leat disappears, ceases to exhibit its
usual properties, and seems to be buried and lost, in the bedy

87. Why i3 the nature of Ieat hypothetical? State the first theory in regard to it.
State the second. To which theory does Modern Science incline’—38. In what two
states does Ileat exist? 3

e -
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in question ; in this second state it is called heat of composition,
or Latent Heat. The subject of the combination of heat with
matter, will become more clear as we proceed. At present we
shall consider only the properties, which Heat possesses in its
free and uncombined state. .

39. Ei:at Preseat in all Bodies. IHeat seems to be present
in all bodies, and there is no proeess by which it can be wholly
abstracted from any substance : for however cold any substance
may be, if it be carried to a place where the temperature is
still lower, it will again give out heat, and continue to do so until
its temperature has become the same with that of the surround-
ing medium. Thus if a piece of ice at zero of Fahrenheit’s
thermometer, were transported to any region where the temper-
ature was 60° below zero, it would begin to emit heat, and con-
tinue to do so until its temperature had become reduced to that
of the surrounding air. In such an atmosphere, the ice though
at 0° would be a hot body, and would communicate heat to all
objects in its vicinity. Place the same piece of ice, thus reduced
to a temperature 60° below zero, in an atmosphere 80° below
zero, and here again, compared with the surrounding medium,
it would be a warm body, and would again give forth heat, until
an equilibrium was established between its temperature and
that of the objects around it. = As this process might be carried
on without limit, it is quite clear that heat is present in all
bo lies, however cold, and can not be entirely abstracted from
any substance.

49, Hzat and Cold are Relative Terms, INO body is hot
or eold, absolutely of itself, but only so, in comparison with other
bodiesnear or in contact withit. So far as our sensations are con-
cerned, heat and cold depend upon circumstances. The same
medium will feel warm at one time, and cold at another, though
possessing the same temperature, depending upon the varying
temperature of our own bodies. Thus the air of a cellar, the
temperature of which is very nearly the same both in winter and
summer, will feel cool when we enter it on a warm summer’s
dayv, but warm on a cold day in winter. A traveler descending
from the summit of Mount Etna, will find his garments uncom-
foriably warm, when half way down, while at the very same

State what is meant by sensible Ileat, by heat of composition, or Latent Heat.—
Which state of Heat do we consider at present?—39. Show that 1leat is present in all
bodies, however cold.—40. Show why heat and cold are relative terms Explain why a
medinm of the same temperature will feel hot at one time and cold at another. Give
the illustration of a traveler on Mount Etna.
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place another traveler, ascending the mountain from the warm
regions below, will find the air inconveniently cool, and will
wrap his garments more closely about him.

The White Bear, from Greenland, and the Elephant, from
Hindostan, are seen to suffer, the one from heat, and the other
from cold, in the atmosphere of the same menagerie. Even to
the same person, the same temperature may seem both hot and
cold at the same moment. Thus if one hand be placed in water
at 40° and the other in
water at 150°, and then
both hands be plunged
together into a third
‘vessel, in  which the
water is at 90°, one
hand will experience a Sensations of Heat Relative.
senzation of heat, and
the other of cold, though the temperature to which both are
exposed, is the same. Fig. 2.

41. Heat, the Repulsive Principle of Matter, and opposed
to Cohesion. IHeat is the great repulsive principle of Nature,
and tends to separate the molecules, and consequently increase
the dimensions of every substance into which it is introduced.

It i3 opposed to cohesion or that force which tends to draw
the particles of substances together, and to bind them closely to
each other; and it is upon the relative strength of these two
forces, that the condition of matter as solid, liquid and gasecus,
depends. When cohesion’ predominates over heat, the body
has the form of a solid ; when they are of nearly equal strength,
the solid is eonverted into a liquid ; and when heat predominates
over cohesion, the gaseous state results. As we have the means
of increasing and diminishing the heat of a body within a very
wide range, and therefore of changing at will the strength of
the repulsive principle, the form of most kinds of matter may
be varied at pleasure : solids can be converted into gases, and
gases into solids: snow and ice changed into steam—an invis-
ible vapor ; .and, on the other hand, earbonic acid, an invisible
gas, condensed into a white, flaky solid, in appearance resem-
bling snow. .

42. Heat tends to an Bquilibrium. - One of the most obvi-
ous properties of heat is its tendeney to an equiltbrium, that is,

Of the Polar Bear and the Elephant. Give the illustration of the two hands placed
fn a eentral bowl of water at 90° —41. Why is heat called the repulsive principle?
To what foree is it opposed? Show how the state of bodies as solid. liquid, and gas-
eous depends upon the balance between heat and cohesion.—4l. What is the obvious
property of heat? -
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its disposition to pass from a hot body to those colder than itself.
Thusit several bodies of different temperatures be placed in the
same room, the warmer body will continue to impart its heat to
those which are colder, until they all indicate the same tempe-
rature by the thermometer. This tendency to an equilibrium
is so strong that it is impossible to maintain the temperature of
any body permanently above that of the medium in which it
is placed. = As soon as heat accumulates in any body, it imme-
diately begins to diffuse itself through the matter which sur
rounds it.

43. Taree DModes in which Heat secks an Ejguilibrium.
Heat attains this equilibrium in three different ways: 1st. By
Conduction. This takes place only in solids. Thus when an
iron bar is heated at one end, the heat passes from particle to
particle throagh the whole bar, until every part has reached the
same temperature.  2d. By Conwection. This takes place only
in the liquids and gases. In these, every particle is in turn
brought into contact with the portion of the vessel where the
heat is applied, until they have all attained the same temperature.
3d. By Radiation. In this case the heat darts through an ap-
preciable space, and so passes from a hot body to one at a con-
siderable distance. By this process a hot stove sends forth rays
of heat in every direction, that pass through the air without
heating it, but raise the temperature of all bodies upon which

Fig. 3.

Conduction Gradual.

What iz the effect of this tendency ? -43. What are the modes in which Heat seeks
an equiiibrium ? Describe them.
2
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they strike. In like manner the earth is warmed by rays
which emanate from the sun, and have passed thiough the air
without raising its temperature.

44, Pirst Dode in which Heat is Diffused.—Conduction.
When heat is conducted through bodies, it does not flash through
them instantanecously, like electricity, but passes successively from
particle to particle, requiring an appreciable time for the pas-
sage. Inthe accompanying figure there is a bar of iron, havinga’
lamp at one extremity. Upon the upper surface are arranged
small bits of Phosphorus, at equal intervals; on the lower a
aumber of marbles have been attached by bits of wax. The
marbles do not all drop at the same time, nor do the bits
of Phosphorus take fire at the same instant, but successively ;
and this shows that the passage of the heat is gradual. Fig. 3.

45. Bodics Differ in Conducting Power. Ieat passes
through different bodies with different degrees of rapidity.
Some permit it to pass through them quite rapidly ; others only
very slowly, and some almost
entirely intercept its passage.
Thus, one can hardly hold a
brass pin for a moment, in the
flame of a lamp, withoat burn-
ing his fingers, while a picee of
glass of the same size, may have
one of its ends melted, without
warming the other. This can
be proved by holding a bit of
iron wire by one hand and a Difference in Conducting Power.
piece of glass rod by the other,
in the flame of a spirit lamp. Fig. 4. .

46. The same fact can be very
plainly shown by the apparatus, Tep-
resented in Fig. 5. Rods of dif-
forent sub:tances of the same size
and length, are covered with wax, to
the distance of an inch from their
free extremities, tipped with little
bits of phesphorus, and then inserted
into sockets upon the side of a brass
vessel, filled with. hot water. The
Difference in Conducting Power phosphorus is inflamed, and the wax

Fig. 5.

44 Show that in conduction, heat pasees from particle to particte. Describe Fig. 3
45. Prove tuat bodies dilfer in conducting power.—46. Describe Yig. 5.
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commences melting upon the different rods at different intervals
of time; upon the best conducior first, and successively upon
the others, in the order of their conducting power.

47. Density Favorable to Conduction. Bodies which are
most dense are generally the best conductors. Thus the metals
conduct better than stones; stones better than earth ; earth bet-
ter than wood ; and wood better than charcoal, cloth or paper.
But sometimes there is no relation between the density of the
body, and its power to conduct heat. . Thus platinum is the
most dense of the ‘metals, but it is not by any means the best
condactor among them, and glass is a worse conductor than
many substances of much less density. .4

48. Relative Conducting Power of the Metals, The fol-
lowing table presents - the results of a series of careful experi-
ments by M. Despretz, in regard to the conducting power of
the metals and somé other substances. The substances em-
ployed were made into prisms of the same form and size. At
ouc extremity heat was applied from the same source, and its
passage along the prism in each case was estimated by small
thermometers, placed in holes drilled at regular intervals, and
filled with mercury.

Despretz’ Table of Conductivity for Heat.

Gold, . . ; SO AN TS . ¢ . 304
Platinum, . g 3 931 Steecl, s YA § 218
Sitver, 4 . . 973 Lead, 3 3 seg, 19
Copper, . - 5 898 Marble, . g 21
Brass, s ¥ . 441 Porcelain, . . 5 sl
Iron, . : 3 374 Brick-clay, 5 S Ll
Zinc, . . 5 . 343

49, The succeeding table of the conduction of heat com-
paréd with conduction of electricity, was prepared by ML
Wiedemann and Franz. Their apparatus was arranged in the
syme manner as that of M. Despretz, except that instead of
estimating the progress of the heat by thermometers, it was
done by a small thermo-electric pile, the most delicate known
instrument for measuring heat, to be described hereafter. The
results that they reached were very diferent from tho:e of M.

47 To what other property in bodies is conduction generally proportioned.—4S. Des-
eribe tile apparatus of Despretz for determining condiction. Give his table of
coaduction.
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Despretz, and showed that the conducting power of the me!als
for heat, is very nearly the same as' their conducting power for
electricity, and that the conducting power of Platinum, notwith-
standing its great density, is very low.

Table of Conductivity for Heat compared with that for Electricity.

Heat. Electricity.
Silver, . . . . 100 . . . . 100
Copper, . 3 3 ik =g . g . 73
Gold, . ; : . 53 . . . .59
Brass, . . . “ . . . 22
Tin, . o 5 0 LD . 6 o . 23
Iron, 5 5 S 12, . 5 . . 13
Lead, . . . 5 9 . . . o il
Platinum, . 5 : RS o . . 10
German Silver, 5 ; 6 . A 5 5 6
Bismuth, . 5 . 2 . S 5 . 2

50. Porous Bodies Bad Conductors. Solid substances con-
duct heat in all directions, whether upward, downward, or side-
ways, with nearly equal facility. A notable exception to this
is seen in the case of certain crystals, such as quartz, which
conduct heat with greater facility in the direction of their optic
axis, or of their greatest lengih, than at right angles to it.
Wood is also said to conduct heat with greater rapidity in some
directions than in others, and more easily with the grain than
across it.  Of all solids, those which are most porous conduect
heat with the least rapidity. Oa this account flannel is warmer
in winter than silk or linen. It is-owing to the air, which
loose, spongy substances contain, that they resist the passage of
heat better than those of a closer texture.” Thus eider-down,
and f{ur, make the warmest clothing, becanse they contain the
most air in their interstices, and for the same reason cotton
batting is much warmer than the same weight of cotton cloth.

Some curious experiments were made by Count Rumford in
1792, for the purpose of ascertaining the relative condueting
power of materials used for elothing. He arranged a ther-
mometer in the interior of a glass cylinder, having a bulb blown
at one extremity, in such a manner that the bulb of the ther-

49. What did Wiedemann and Franz ascertain in regard to the conducting power of
_bodies for heat and clectricity ? Give their table. Do all bodies conduct heat with equal
facility in all directions? Give the exceptions to this rule.—50. What kind of cordue-
_tors are porous bodies? To what is their non-conducting power due? Descrile Count
Tumford’s experiments upon the relative value of substances used for clothing.
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mometer occupied exactly the centre of the bulb of the cylin-
der, and filled the space between them with the substances to
be examined. The apparatus was then dipped in bo ling
water, until the thermometer marked 212° in every case; 1t
was then transferred to melting ice, and the exact time con-
sum:d during the sinking of the thermometer through 135°
noted. When there was nothing but air between the thermom-
eter and the cylinder, the cooling took place in 576 seconds:
whan the space was filled with twisted silk, in 917"; with fine
lint, in 1032"; with cotton wool, in 1046'; with sheep’s
wool, in 1118 '; with raw silk, in 1284"; with beaver’s fur, in
12)6"; with ecider down, in 1305”; with hare’s fur, in 1315".
The general practice of mankind is, therefore, fully justified
by experiment. In winter, the animal heat is retained as much
as possible by covering the body with bad conductors, such as
woolen stuffs, furs, and eider-down ; while in summer, entton or
lineg is used for the purpose of increasing as much a3 possible
the escape of heat.

The imperfeet condueting power of snow also arises from the
above cause. When newly fallen, a great proportion of its
bulk consists of the air which it contains, as may be readily
proved by the comparatively small quantity of water it produces
when melted.  Such a provision was designed for the benefit of
man, in preventing the destruction, daring the cold of winter, of
delica‘e shoots and roots imbedded in the earth. Farmers, in
cold climates, always lament the absence of snow in winter, be-
cause as a consequence, the frost penetrates to a great depth,
and does much injury to the grain sown the previous auntumn.
So great is the protecting effect of snow, that in Siberia, it is
said, when the temperature of the air has been 70 below the
freezing point, that of the earth, under the snow, has seldom®
been colder than 32°. - It has also been often observed that the
heaving of the ground by frost is much less when it is protected
by snow, than when it is uncovered and exposed. Ior the
same reason, many substances which, in the solid state, are
quite good conductors of heat, when reduced to powder, become
very poor conductors. Thus rock erystal is a better conductor

“than bismuth or lead; but if the erystal be reduced to powder,
the passage of heat through it is exceedingly slow. Rock salt,
when in the solid state, allows heat to pass through it with

Give his results. To what is the non-conducting power of snow owing? What is
the elfect of pulverization ou conduction?
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great facility, but common table salt in fine powder obstruets.
1is passage almost cntirely.  Sawdust, powertully comyp: essed,
alows heat to pa s through it with the same faciliy as rolid
wood of the same kind, bat when loose and uncontined, it is
one of the poorest conductors kuown, )

51. Illusirations of Conduction. Our ordinary sensations
every day convinee us of the different powers of various sub-
stances to conduct heat.  In the winter the articles in a cold
room impart very diiferent senzations to the hand. A pair of
tongs wiil coidaet away so much heat as to give a paintul
sen ation of co!d; while a piece of fur or flannel, scarcely fecls
cold at ail, and yet both are of the same temperature, when
tested by the thermometer.

A piece of anthracite coal lighted at one end, can not be
touched with impunity, even at the distance of six inches {rom
the source of heat, while a piece of Lurning charcoal or of
flaming wood may be held without any sensation of heat at the
distance of only 1-2) of an inch from the flame. Hot water in
an earthen pitcher will feel only moderately warm on account
of the poor condueting power of the earthy material which con-
tains it, while the same water poured into a tin cup held firmly
in the hand, will be found too hot to be endured, on acccunt of
the excellent conducting power of the tin. A saucepan, having
an iron handle, can with difficulty be removed from the fire
with the naked hand, while if it be provided with a handle of
wood it ean be moved with case. The large amount of iron
required for castings of great size, is often more than can
be melted in a furnace at one heating., As each successive fur-
nace full is melted, it is emptied into a large iron vessel elevated
several feet above the ground, and having a conduit, which may
be opened at pleasure, leading from the lower part to the mculd
embedded in the earth. This vessel has a lining of clay or fire
brick, and the melted iron is also covered with a layer of fine
charcoal. In consequence of the extremely poor conducting
power of this substanece, and of the earthen lining just deseribed,
the melted iron may be preserved in a liquid state for several
hours, until a sufficient quantity has been accumulated to make
any casting, however large. :

52, Applicationsinthe Arts. These principles admit of many
useful applications in the arts, and explain many natural phe-

.bl. Give illustrations of conduction—the tongs—the carpet—anthracite coal—tin cup
of hot water—iron furnace lined with fire-brick.
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nomena. Thus, stoves are lined with fire brick, of bad conduct-
ing power, for the purpose of preventing the iron covering from
being heated too hot. Furnaces are lined with the same mate-
rial to prevent the heat from escaping; houses are built of non-
conducting materials; locomotive boilers and cylinders are pro-
vided with casings of wood; steam-pipes are bound with can-
vas; instruments used in the fire are provided with wooden
handles; tea-pots are made of earthern-ware, or, if of metal,
are handled with woolen holders; and, in the best of them, the
netallic handles are separated from the body of the vessel by
bits of ivory, (an excellent non-conductor,) for the purpose of
preventing the transmission of the heat. Oa the same princi-
ple, metallic articles exposed to a very low temperature are
never handled without woolen or leather gloves, lest the heat
of the hand should be too rapidly abstracted ; or, if so handled,
they are provided with leather or woolen coverings of their
own.

53. Sand, an excellent non-conductor, is placed beneath the
hearths of fire-places, to guard against accidents by fire. At
the siege of Gibraltar, the red-hot balls fired by the English,
were carried from the furnaces to the guns in wooden wheel-
barrows protected only by a thin covering of sand. Ice is pre-
vented from melting in summer by wrappers of flannel. It is
also exported to warm countries, and conveyed to the most dis-
tant portions of the earth, packed in saw-dust and shavings.

Refrigerators are provided with double walls, between which
are enclosed shavings of cork or powdered charcoal. Fire
proof safes have also double walls, the space between them be-
ing filled with ground plaster of Paris. Near the summit of
Mount Etna, ice has been discovered beneath currents of lava,
which have poured over it in an incandescent state. It
was prevented from melting only by a thin layer of voleanic
sand. The ice gatherers of the same mountain, export their
ice to Malta, and distribute it through Sicily, protected by en-
velopes of coarse straw matting. Asbestos, a fibrous mineral
substance, is woven into an incombustible cloth of such poor
conducting power that red hot iron may be handled with gloves
made of it.

Glass is another excellent non-conductor; and a glass tum-
bler filled with hot water may be handled with impunity, when

52 State some of the applications in the arts; stoves, furnaces, locomotive boilers,
&c.—53. Cannon balls, how kept red-hot? Ice, how prevented from melting?
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a metallic vessel filled with thewsame, would severely burn the
hand. This property of glass exposes it to the danger of crack-
ing when suddenly heated. The surface immediately in con-

- tact with the source of heat expands; but the non-condueting
power of the glass preventing the heat from passing inward, the
inner portions remain in their unexpanded state, and, as a con-
sequence, a violent separation of one from the other is apt to
take place. On this account, glass ought never to be suddenly
exposed to a high degree of heat. Both surfaces should be
heated, if possible, at the same moment, and when once thor-
oughly heated through, the glass should never be touched with
any cold metallic substance by which the heat, at a particular
point, might be suddenly abstracted. This is the reason why
heated glass and earthen vessels, filled with hot substances, are
often broken by being heedlessly placed upon the head of a nail
which happens to project from the wooden floor.

So poor is the conducting power of glass, that a large, red-
hot molten mass of it may be ladled into cold water, and the
interior remain visibly red-hot for several hours; and if a
large crucible full of melted glass has once solidified by the
decline of the fire, it is almost impossible to melt it again.
For the same reason, the vitreous matter of which lava is com-
posed is a long time in cooling, and its theat is given out so
slowly that many months after its irruption, eges may be cooked,
and water boiled, in the crevices with which it is filled.

54. Animals and Plants Protected from the Cold by non-
conducting Coverings. Nature also makes use of the same
principles in her operations. Animals are protected against
the excessive cold of winter, which tends to reduce their
temperature to such a degree as to destroy life, by thick furs,
an excellent non-conductor, while in summer these are ex-
changed for thinner coverings.

Birds, which from their rapid and lofty flight, are especially
exposed to a dangerous reduction of temperature, are covered
with feathers, and often beneath the feathers, with fine down,
which is one of the most perfect nen-conductors known. - The
vegetable kingdom supplies illustrations of the same principle.
It has been found that wood, always a poor conductor, opposes
much greater resistance to the passage of heat in a direction

Py

Tlustrate the non-conducting power of glass. Explain how glass may remain red-
kot in water.—54 Ilow are animals protected from the cold of winter? What is the
advantage of the non-conducting power of wood and bark?
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across the grain, that is, from the centre toward the bark, than
in the direction of its length; it is, therefore, ditlicult for the
heat to escape from a tree, even in the coldest weather; and
generally the temperature of the interior, near the pith, is much
higher than that of the cold air on the outside. This may be
shown by boring a hole into the centre of a tree, on a cold
winter’s day, and inserting a thermometer. Indeed, one of the
most important offices of the bark is to confine the heat as much
as possible, to the interior of the tree; and so, instead of being
dense and firm like the woody fibre beneath, it is porous and
spongy in its texture, so as to enclose a large amount of air.
A tree stripped of its bark, is liable to perish from loss of heat,
like an animal stripped of its fur, or a bird of its plumage.
The general effect of this provision of nature is to maintain the
tree at a uniform temperature, both in winter and summer. In
the case of young and tender trees, it is usual to surround them
with an external covering of straw, for the purpose of still fur-

- ther confining the heat, and guarding them against the effects
of severe cold. For the same reason this substance is placed
upon garden beds, in order to protect the flowering plants and
roots. .

55. Ligunids are Poor Coadustors of Heat. Liquids arc ex-
ceedingly poor conductors of heat, and have even been thought
to possess no conducting power whatever. Their slight conduet-

ing power may be shown in the following
manner. Into a vessel of water, whose
temperature has been carefully determined
by a thermometer, pour a little sulphuric
ether. In consequence of the superior
lightnes: of this liquid, it will float upon
the surface of the water, without mingling
with it. Now apply a lighted match, and
when the flame of the burning ether has
entirely gone out, the water will be found
to possess precisely the same temperature
as before, which could not be the case if
it possessed any power of conducting heat
whatever. Again, if a delicate thermome-
N aon Vel Poncen.of ter, as iI.l F::g. 6, be placed ; in a jar of

Liguids. water, with its upper bulb just beneath

How sre trees maintained at a uniform temperature in winter and summer? What
18 the design of straw coverings for trees and plants?—53. What is the conducting power
of liquids? How can their feeble conductine power be shown? Deseribe the experiment
in Fig. 6. Descg);e the experiment in I'ig. 7. Describe Dr. Murray’s experiment.



a

Q-j: LIQUIDS ARE POOR CONDUCTORS.

the surface, and a small quantity of sulphuric ether he poured
upon the water and inflamed, intense heat will be produced, but
in consequence of the poor conducting power of the water, no
effect wiil be experienced by the thermometer, though its bulb
be no more than one twentieth of an inch dl\td[lt fiom the
flame. In like manner, if ice be formed at the bottom of a glass
test tube, and secured in its place, water may be boiled in the
upper part of the tube, by holding it in an inclined osition in
the flame of a spirit lamp, as represented in Fig. 7, without
melting the ice in the smallest
Fig. 7. degree. Count Rumford found
) that the heat from a hot iron
cylinder could not pass down-
wards, through a thin stratum of
olive oil not more than two tenths
of an inch in thickness.

By other experiments, how-
ever, it has been ascertained that.
liquids do conduet heat to a very
slight degree. Dr. Murray es-

N,,,,_c,mdm,,,g Power of Liquids. tabllshed this fact in the following

manner. At the bottom of a
vessel of ice, he placed a delicate thermometer, in a horizontal
position, and then poured in olive oil, until the bulb of the
thermometer was just covered; a second vessel, of iron, was
then introduced, filled with boiling water, and secured in such
a position that it almost touched the bulb. In seven and a
half minutes the heat from the boiling water had been con-
ducted by the oil to the bulb of the thermometer, in suflicient
amount to raise the temperature from 32° to 374°.

Under ordinary circumstances, however, liquids may be con-
sidered absolute non-conductors of heat. This is true of all
liquids except mercury, which, from its metallic nature, conducts
heat with great facility, and i3 an exception to the general rule.

56. The Gases ars Poor Conductors of Heat. The air
and other aeriform fluids are, in like manner, exceedingly poor
coaductors of heat. This may be shown by the operation of
double windows. A thin stratum of air being confined between
the opposite sashes in such a way that it can not eseape, and all
communication with the external air being cut off, has the effect

53 What is the conducting power of the gases? Ilow is their feeble conduction showa
by double windows?
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of preventing the passage of heat from the inside to the out-
gide of the window, or the reverse, The internal heat is pre-
vented from escaping, and the external heat from entering, and
consequently the house is rendered much more comfortable
in both winter and summer. The same fact is also proved by
the construction of ice pitchers, which are really made double, and
consist of a pitcher within a pitcher. The stratum of air en-
closed between them is found to be an excellent non-conductor
of heat, and to obstruct the passage of the external heat into
the pitcher almost altogether. The same fact is also illustrated
by the double roofs of ice-houses, and double walls of fire-proof
vessels and safes. Double walls to houses make them much
warmer in winter by preventing the escape of heat, and much
cooler in summer by obstructing its entrance. In all these
cases it is essential that the air be closely confined, and that no
opportunity be allowed for the establishment of currents, by
openings above and below ; otherwise the escape of heat is fa-
cilitated. The non-conducting power of air is also shown by
the poor conduction of heat by substances which, like fur and
down, contain a large quantity of it inclosed in their texture.
57. The Conducting Power of Different Gases supposed
to be different. It has been asserted that the conducting power
of the gases for heat is very unequal. This opinion is founded
upon the different cooling effects exerted by the various gases
upon the temperature of a platinum wire heated white hot
by a galvanic battery. Such g wire is cooled more rapidly
when surrounded by air than when in a vacuum, more rapidly by
hydrozen than by air, and less rapidly by sulphurous ac'd gas
and chloro-hydric acid gas, than by air. Tuese experiments
were performed with an apparatus represented in Fig. 8.
Let 0 be a glass vessel, which can be exhausted of air throngh
the lower stop-cock, s ; let s be another stop-cock, by which
air or any other gas may be introduced into the vessel at pleas-
ure; b is a metallic rod, passing through a stuffing box air-
tight, yet capable of sliding so that it can be adjusted at any
height; ¢ is a similar metallic rod, connected with the brass
cap at the lower part of the vessel; p n is a fine platinum
wire by which & and ¢ are now connected. - The glass vessel
being full of air, the connections with the poles of the galvanie
battery are formed at & and ¢, and in a few moments the heat

By ice pitchers? By ice houses? By furs? Why i3 it recessary that the air should
be closely confined in these cases?—57. 1s the conducting power of gases for heat equul?
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is great enough to make the platinum wire
faintly luminous. Let the air now be with-
drawn by an air pump, and the wire almost
in an instant glows more brightly: introduce
the air again, and it glows more feebly. This
reduction of temperature from a white heat to
bright redness secems to show that the air, when
it is readmitted, has ¢o much conducting power
for heat as to lower the temperature of the
wire very sensibly. Now let the vessel be
exhausted a second time, and in place of air,
let Hydrogen gas be introduced: the wire,
which began to glow with a white heat on
the exhaustion of the air, as soon as this gas
is introduced ceases to glow altogether, and it
s Will be necessary to more than double the
power of the battery in order to raise the
wire again to a white heat. This seems to
show that the conducting power of Hydrogen
for heat is much greater than that of air.
Different Conducting If the IXydrogen were withdrawn, the energy
Power of Gases: — of the current would now be great enough
to fuse the wire. The cooling effect of the other gases may be
ascertained in the same way. Illuminating gas, ammonia, and
the vapors of alcohol and ether, also exert a greater cooling
influence upon such a wire than air. It has al:o been found
that if heat be applied at the closed top of a vessel, it is conveyed
more quickly to a thermometer placed at some distance from the
top when the vessel is filled with Hydrogen, than when it is filled
with air. This is the case even when the vessel is loosely
packed with cotton wool or eider down. From these experi-
ments it has been argued that Hydrogen conducts heat like a
metal. On the other hand it is contended that Hydrogen, being
the lightest of the gases and more than fourteen times lighter
than air, this effect may be due to the superior mobility of its
partieles over those of air. “This would hardly seem adequate
to account for all the effects observed, and on the whole it would
appear that the gases do differ somewhat in their power of con-
ducting heat.

Describe the experiments illustrated by ¥ig. 8. What is the general conclusion?
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58. The second mode in whish heat is di¥ased through
bodies—Convection. Lhe question at once arises: If liquids and
gases are such poor conductors, in what way is heat propagated
through them at all? Heat is conveyed through all liquids and
gases by a change of place among their p'll‘fl(,]e: ; and this con-)
stitutes the process of convection, or the second mode by which
heat secks an equilibrinm and is diffused through matter.
When a vessel of water is placed over a fire, the particles near-
est the flame are expanded, and becoming specifically lighter
than tho:e around and above them, whose temperature is as yet
unaffected, they rise to the surface. At the same time the cold
particles above descend, in order to supply their place; these
becoming heated in turn, also rise to the surface, and are suc-

ceeded by a fresh supply of colder particles from above. In
this manner all the water is gradually brought into contact with
the source of heat, and the whole mass ﬁnally becomes uniformly-
warmed throughout.

§9. Convection in Liquids. The manner in which liquids

circulate on the application of heat

Fig. 9. can be easily shown. Into a gla's

flask containing water, see Fig. 9,
throw a small quantity of any inso-
luble powder, such as amber, rosin,
or even saw-dust, as nearly as possi-
ble of the same specific gravity with
the water. When placed over a
lamp the eirculation will soon be_in ;
the warm currents will rise in the
centre where the heat is greatest,
and the cold will descead upon the
sides, and their exact direction will
be indicated by the solid particles
which they carry with them. The
 water ascends and descends in this

Convection of Heat in Liguids, manner just the same, whether the

solid partieles are in the flask or not;
these only serve to make the motion more plain to the eye.
Even after the liquid has begun. to boil, this same circulation
will continue. It may therefore be stated as a gereral truth,
that in order to raise the temperature of liquids and make them

58. De:eribe the mode in which heat is propagated through liquids. What is convec-
tion ?—59. How way tae currents prodaced iu liguids be sbow.l to exist? 2

'
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boil, heat must be applied at the bottom ; they can not be heated
from the upper surface. This is a matter of great practical
importance in the construction of the boilers of steam engines,
and in all cases where heat is to be diffused through large quan-
tities of liquids.
60. Convection in Gases. Similar currents are established
.in air and all the gases, upon the
Fig. 10. application of heat. The only
difference i, that the heat is dif-
fused through them with much
greater rapidity than through
liquids, in consequence of the
e superiormobility of their parti-
| cles. The fact of the establish-
T‘ l ment of currents in air by the
proximity of any source of heat,
| is clearly shown by Z%g. 10,
where a lamp chimney is repre-
sented over a lighted candle
placed upon a plate filled with
water, to prevent the entrance
of air from below. The chim-
ney is divided by a pasteboard
partition, and on dropping a bit
of smoking paper into it the
movement of the smoke will
show that, the air is ascending
on one side of the chimney, and
descending on the other, exactly
Convection of Heat in Gases. as in the case of the bits of float-
ing amber in the vessel of heat-

.

ed water. )

61. Illustrations of Convection. The existence of currents
produced by convection is seen on a great scale in Nature, in
the cases of the Gulf Stream and the Trade Winds. The air
and the water are heated in both these cases, not by the direct
rays of the sun, but by heat which emanates from the earth:
Tue rays of heat proceeding from the sun pass through the
atmosphere without perceptibly heating it, and being absorbed
as soon as they strike upon the earth’s surface, gradually com-

69. ITow is heat pro agated through gises? IIov may the existence of currents be
proved ?—61. Give: ill i of tae exist of currents in the atmosphere and
tae ocean. - 4
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municate their heat to the lower portions of the atmosphere,
and to the water immediately in coatact with it. These heated
particles of water and air ascend, in consequence of their dimin-
ished density, and as their places are supplied by descending
currents of cold water and air, they flow off to the north aud to
the south of the equator, carrying the heat with which they are
charged, and imparting it to the cold water and air of the tem-
perate regions; while on the other hand the cold water and air
from the temperate and arctic regions are drawn steadily towards
the tropics, charged with the cold which they have received
from the poles. There is therefore a current of hot air in the
upper regions of the atmosphere setting towards the north and
south poles, and a current of cold air near the surface of the
earth, moving from the poles to the tropics. The same is true of
the waters of the ocean; a current of warm water upon the suar-
face is setting towards the north and south, and of cold water
beneath it moving from the north and south towards the equa-
tor; see Fig. 11. Thus the excessive heat and cold of the

Fig. 11.

Convection Iustrated by Trade Winds and Gulf Stream.

opposite portions of the earth are moderated, and the general

llow are the Trade winds produced? The Gulf stream? The land and sea breezes
ot the tropics? o
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temperature of the globe rendered more nearly equal. To the
same cause the sea breezes, which temper the excessive heat of
tropical islands, are due. The hot air rising from the heated
surface of the earth floats off seaward, and the colder air of the
sea flows in near the surface of the earth to supply its place:
at night this process is reversed; the earth being colder than
the sea, the warm air of the sea flows towards the land, while
the cool air from the land is borne out to the ocean.

62. What makes the heated Water and Air ascend? As
the absolute weight of the heated portions of liquids and ga:es
is not diminished by the increase of their temperature, the ques-
tion at once arises: What makes them ascend? The answer to
this question requires an accurate knowledge of the principles
of Hydrostatics, for which reference must be made to some
good treatise on Natural Philosophy. It may however be stated
in general, that the heated particles rise, because their density
has become less than before, and less than that of the colder par-
ticles immediately around and above them. Take for instance
the case of a cubic inch of liquid, near the bottom of a flask
of water; as long as it is cold, it remains at rest and witl.out
any tendency to move, because the pressure of the water above
it, and its own weight, which tend to make it sink, are exactly
counterbalanced by the pressure from below tending to force
it upwards. So long as these two pressures remain exactly
equal, the cubic inch of water will continue fixed in its position;
but let the equality of these two pressures be destroyed, and the
cube of water will necessarily move in one direction or the
other. !

These two pressures may be represented by two columns of
water placed side by side, one of which has the lower surface
of the cube in question for its base, and extends vertically up-
wards to the surface of the water; the other is placed directly
by its side, and possesses a base of the same dimensions, the
same altitude, and the same density. - Under these circumstan-
ces the cube of water will remain in equilibrium. Let this
cube be now enlarged by the expansive effects of heat until it
has attained the size of two cubic inches; its weight remains
exactly the same as before, but its density has been diminished
one half. The downward pressure is now represented by a col-
umn of water having a base of two cubic inches, and extending
from the lower surface of the double cube of water in question

62. Exp!ni-n tLe ascension of heated particles of liquids and gases.
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upwards to the surface of the liquid. The upward pressure is
now represented by a column or water placed by the side of
the first, also having a base of two cubic inches, and extending
upwards to the surface of the liguid. These two pressures are,
however, now no longer equal, because the densi y and weight
of the two cubic inches at the base of the first column are only
one half the density and weight of the two cubic inches at the
base of the secoad column, The pressure upwards is therefore
greater than the pressure downwards by the amount of this dif-
ference in weight between the two lowest cubic inches in the
second column and the two lowest cubic inches in the first.
The two cubic inches of expanded water will therefore be pressed
upwards by a force equal to this difference in weight. The
cold water which takes its place will undergo the same process,
and vise in turn, and thus a steady current will be established
which will continue to flow until the water has acquired the
same temperature throughout, or the sonrce of heat is removed.

This is also the cause of the ascension of heated air and of
the currents that are established in the atmosphere when brought
into contact with any source of heat.

63. The ascension of heated Liquids and Gases illustrated
by a Figure. This process is illustrated in Fig. 12, where a &
and ¢ d represent the
two columns of water
which exactly balance
each other, with the ex-
ception of the two cubic
inches at the base of
each. A cubic inch of
cold water at 60° weighs
about 252 grs. DBy the
application of heat, such
a cubic inch has been
expanded to two cubic
inches without any in-
crease or diminution of
its weight. The two cu-
bic inches of hot water
weigh precisely the same
: === as one cubie inch of cold
Cause of the Ascension of Heated Liquids and Gases. WALCT 3 their dCHSity is

63. Explain the process indicatcd in Fig. 12.



42 RADIATION OF IIEAT.

therefore diminished one half, and they are pressed upwards
by the pzu‘tic‘es of cold water about them. ‘The eqral press-
ure, therefore, of the two columns @ b and ¢ d, is destrayed,

in consequence of the inequality in the weight of the two enbes

at the base of each, the two cubes of co.d water weighing
2562+ 252=504 grs., while the two cubes of hot water wemh
only 252 grs.; the co'umn ¢ d is thus made heavier than a /'

and tends (o press it upwards.  The importance of this process
of convection in the arts, as well as in Nature, can not be too
highly estimated, and the principle on which it depends should
be thoroughly understood.

G4. Thne third mode in which Heat seeks an equilibrium
—Radiation. Radiation is the name applied to the third mode
in which heat seeks to distribute itselt’ equally through Lodies,
viz., by darting from a hot to a cold body through an appreciable
interval of space.

That heat is so transmitted is easily proved by standing be-
fore a fire, or holding one’s hand at some distance from a liot
body suspended in the air. In both these cases it is clear that
the heat is not transmitted by econduction from particle 10 parti-
cle of the intervening air, because, as we have seen, the con-
ducting power of air is extremely small ; ror is it Ly convection,
for this would only tend fo propagate the heat vertically, by the
establishment of an upward current: moreover it is found that
the process goes on in a vacuum with three times the rapidity
that it does in air; conszequently we infer that no medium what-
ever is necescary for the passage of heat by this process.

It is called radiation because the rays of heat proceed from
every point upon the surface of the body equally in all direc-
tions, like radii from the centre of a circle. The fact of radia-
tion may also be proved more satisfactorily by placing several
thermometers at equal distances from a hot body which is sus-
pended in the air. They will begin to rise at the same moment,
and at the expiration of a given time will all be found to indi-
cate the same temperature, with the exception of the one placed
immediately above the ball. This will be found to stand higher
than the others, beeause it has been influenced by the q\cendmv
currents of hot air produced by convection, as well as by the
rays of heat which have reached it by radiation. If the ex-
periment were performed in a vacuum the thermometers would
all be affected equally.

64. What is the third mode in which heat seeks an equilibrium? Ts any med‘um
necessary 2 Why called Radiation? How may the fact of radiation be pmved’ Why
does the upper thermowmeter stand higher than the others?
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65. Radiant Heat follows the same laws as radiant Light.
Rays of heat proceed from the hot body in right lines like rays’
of light, and with a velocity equal to that of light; and their
effect diminishes as they recede from the hot body, not in pro-
portion to the distance, but to the square of the distance. A’
thermometer at two feet from the radiant body will not indicate
one half as much heat as the thermometer placed at the distance
of one foot, but only one fourth as muecl, i. e., four times less:
in this respect also, radiant heat follows the same law as light.
When radiant heat falls upon®other bodies it is either absorbed,
—in which case it raizes their temperature,—or it is reflected,
i. e., turned back towards its source; or it is refracted, i. e., bent
out of its originally straight course, which occurs only when it
falls at an angle less than a right angle, upon some medium
which it is capabl: of traversing; or it is transmitted, i. e.,
passed through unchanged when it falls perpendicularly upon
sone medium capable of transmitting it, althouch this rarely
takes place without more or less absorption. Radiant heat does
not affect the temperature of the media through which it passes.
A tube full of ether may be held in the focus of a convex lens
wi hout becoming sensibly warmer, but it any of the rays are
absorbed by the introlaction into the ether of some solid sub-
stance, such as a bit of charcoal, the heat thus ab orbed is com-
municated from the charcoal to the liquid by convection; the
ether soon begins to boil and is finally dissipated. The heating
of the carth by the sun i3 the grandest instance of radiation
found in Nature. The heat radiated from this great Juminary
passes through the air without perceptibly affecting its tempera-
ture, and finally striking upon the solid earth, is absorbed by it.
The heat thus gained by the earth is communicated to the at-
mosphere and propagated through it by the process of convec-
tion, as has been already described. The amount of heat radi-
ated by the sun in the course of a single day upon one acre of
land in the latitude of London, is estimated to be equal to that
‘produced by the combustion of one hundred and eighty bushels
.of coal.

:  66. The nature of the surface affects the rate of Radiation.
The principal fact connected with radiation is, that the nature
!and condition of the surface of the hot body has a powerful
L}

65 In what direetion’do the rays of heat from a hot body proceed? Tn what propor-
tion does their effect diminish? Tn what four ways is radiant heat, when it falls ypon
bolies. disposed of? Does radiant heat affeet the temperature of nwedia throngh which
it passes?  What effect does it produce if absorbed? Ilow can this be proved 2—66.
What influence has surface upon radiation ? L
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effect in promoting or checking the escape of heat from it by
this process.

Where other circumstances are equal, the rate at which heat
escapes from bodies by radiation is derectly proportional to (he
roughness and dullness of their surfaces, and in the inverse pro-
portion to their polish and smoothuess; in other words, those
surfaces which are rough and dull radiate most rapidly, and
those which are bright and polished most slowly. St J. Lexlie,
who was one of the earliest experimenters upon this subject,
ascertained this fact by the following experiment. He covered
one side of a brightly polished cubical tin vessel with lampblack,
another with writing paper, a third with a thin plate of glass,
while the highly polished surface of the fourth side was allowed
to remain uncovered. The vessel was then filled with boiling
water, tightly closed by a cork, through which a thermometer
was inserted, and placed at some distance before a concave mir-
ror having a delicate differential thermometer in its focus, some-
what as replcsented in Fig. 13. The radiating effect was esti-

Fig. 13.

Effect of Surface on Radiation.

mated by the depression of the thermometer in the ecanister and

Describe the expériments of Leslie.



CIRCUMSTANCES AFFECTING RADIATION. 45

the elevation experienced by the differential thermometer in the
focus of the mirror, On turning the side covered with lamp-
black towards the mirror the thermometer in the canister soon
sank several degrees, while the one in the focus of the mirror
ro:e at nearly the same rate: with the papered side the effect
upon the thermometer was nearly the same ; with the glass side
the effect was decidedly less; and with the bright metallic side
the influence upon the thermometer was very slight. Taking
the quantity of heat radiated by the lampblack as 100, that
radiated by the paper was found to be 98, that by the glass 90,
and that by the bright metal only 12. From this experiment
the extremely feeble radiating power of brightly polished metal-
lic surfaces is very apparent. The same fact can be readily
shown by using the tin cube alone without the mirror. Ther-
mometers placed at equal distances from its four sides will be
unequally affected, and the one opposite the side eovered with
lampblack will rise highest in a given time. The difference in
the amount of heat radiated ean be readily perceived by placing
the hand suceessively near the four sides of the vessel; the im-
pression proluced by the lampblack side will be decidedly the
most powerful. This experiment may be varied by u-ing, in-
stead of one vessel with differently eoastructed s’des, three can-
isters of sheet brass, having exactly the same dimensions, but
with different surfaces, the first having its surface highly polished,
the second eovered with whiting, the third with lampblack, fiil-
ing them with boiling water from the same vessel, and then
allowing them to eool. At the expiration of half an hour the
blackened eanister will be found by the thermometer to have
lost the most heat, and to have the lowest temperature, the
whitened eanister to have lost somewhat less, and the polished
oie the least. Leslic also ascertained that by roughening
brightly polished metallic surfaces they eould be made to radi-
ate nearly a3 well as lampb'ack ; and that by seratching them
with lines which crossed each other at right angles the cffeet
could be greatly increased. This is probably owing to the in-
crease of the amount of surface exposed, and in the number of
radiating points thus produced.

67. Other circumstances afecting the rate of Radiation.
It has also been ascertained that a variation tn density makes a
difference in the amount of heat radiated. A hammered silver
plate will radiate much less than 4 cast plate of the same metal.

Describe the experiment with three canisters. Explain the effect of roughening a
polished surface.—67. What otaer circumstances affect tie rate of radiation?
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At one time it was thought that color also had an effect upon
Tadiation, and that black radiated more heat than any oiher;
but ii has now been asceriained that color hus no effeet what-
ever oa radiating power.

68. Kadiatisa aiso takes place from points below the Sur-
face. It has also been found that radiation does rot take place
solely from the particles which compose the surface of a hot
body, but.that it alzo takes place from those which are situated
a small distance beneath the surface. This was ascertained by
Mzr. Leslie, by covering one side of a vessel containing Lot
water with a thin coating of jelly, and putting upon another
side four times the quantity. The nature of these two surfaces
was precisely the same as to material and smoothness, but they
were found to radiate very differently; the thinner film de-
pressed the thermometer in the canister 38°, while the thicker
depressed it 54°. The increase of radiation continued until the
coat'ng amounted to the thickness of 1-1000th of an inch, aflter
which no further increase took place.

G9. Practical Applications. Vessels intended to preserve
liquids at a higher temperature than that of the surrounding
air for as long a time as possible, should be provided with bad
radiating surfaces. Water in a bright silver tea-pot will retain
heat much longer than one made of earthen-ware or porcelain.
A tea-kettle is in its mo-t efficient state when its bottom is black
and rough with soot, and its sides and top brightly Lurnished,
because then the parts exposed to the fire are in the best con-
dition for receiving heat, and those exposed to the air in the
best condition for preventing its escape. FKor the same reason
the exposed portions of locomotives, such as the cylinders and
steam dome, which require to be maintained at a temperature
considerably higher than 212°, and which are much cooled by
rapid motion through the air, are covered with burnisbed brass
in order to prevent the ecscape of heat, and are kept brightly
polished, not so much for ornament as for utility. There is
also generally a space of several inches between the outside
covering and the true surface of the cylinder and of the dome;
and this is either filled with confined air, which, as we have seen,
i3 a poor conductor of heat, or stuffed with some non-conducting
solid substance, such as felt, wool, or shavings of wood, in order
to oppo-e an effectual barrier to the escape of Leat. Pipes in-

* 63. Prove that radiation may even take place from points beneath the su-face.—(9.
te the practical appiications of the principles of radiation. Iow is the heat of the
locomotive prevented from escaping? 4
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tended for the conveyance of hot water, steam, or heated air to
a distance, should be kept perfectly bright and highly polished :
but when they are designed to impart heat rapidly to the sur-
rounding air they should be roughened, or coated with some
good radis ating substance. Stoves and stove-pipes should be
made of 1011‘111 and unpolished iron in order to secure the great-
est heating offect; but if it be wished to carry a stove- -pipe
through a room without heating it, or to use a portable furnace
withouat its warming the room in which it is placed, they should
both be provided with a brightly polished metallic covering.
By attending to such apparently unimportant circumstances the
consumption of fuel may be greatly economized.

70. The Radiation of the Earth. As the earth receives its
heat from the sun by means of radiation, so it, in turn, gives out
heat itself by the same process. When the sun sets and the influ-
ence of his rays is withdrawn, the earth then becomes a radi-
ating body and sends forth the heat which it had acquired
durmg the day into space; but it does so very unecqually.
All other things being equal, those portions of its surfa-e
which, from their peculiar conformation, are good radia‘ors,
send forth heat much more freely, and are more reduced in
temperature, than those which, from any cause, are poor radi-
ators. Thns a bright metallic ves=el placed upon the ground at
sunset will have its temperature reduced indeed, but not nearly
as much as an earthen-ware dish or a piece of wood of the same
size. A glass cup placed in a silver basin which has been left
upon the ground in the evening will become much colder during
the night than the basin itself; and at the same time the grass
and leaves of plants will become much colder than the smooth
roads and paved streets; rough and fuzzy leaves will radiate
more heat, and beco.ne much colder, than thosé which have a
bright and polished surface. So much heat is thus radiated
that on a clear and starry night the earth will sometimes be
found, by a thermometer placed upon its surface, to he as much
as seventeen degrees colderthan the air ten or twelve feet above
it.- There is a close connection between this reduction of tem-
perature and the formation of dew and frost, for thee are
nothing but the condensed vapor which previously existed in
the air in an invisible form, deposited upon different substances

What surface should pipes intended to convey hot steam and air possess?—7), By
what process does the earth lose its heat after sunset? Explain the reason why a
rough board or rough leaf becomes cold§r at night than glass and pohshed metal

State the connection between radiation and dew.
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whose temperature has been reduced by radiation. The better
the radiating surface the lower will be its temperature, and the
greater the quantity of dew and frost collected upon it. This
subject will be more fully explained when we eome to speak
particularly of the watery vapor contained in the atmosphere.

71. The Theory of Radiation. Two theories have been
proposed to account for the phenomena of radiation, suggested
respectively by Pictet and Prevost. According to the former,
when bodies of unequal temperature are brought near each
other, there is a radiation of heat from the lotter to the colder,
but none from the colder to the hotter; this continues until
they have both reached the same temperature, when all radia-
tion ceases. Prevost, on the contrary, is of the opinion that all
bodies, whatever their temperature, are constantly emitting rays
of heat in every direction; that the temperature of a body falls
whenever it radiates more heat than is radiated to it; its tem-
perature is stationary when it receives exactly as much heat
from other bodies by radiation as it radiates to them, and that
its temperature rises when it receives more heat than it radi-
ates. According to this theory, which is now generally adopted,
all bodies, whatever their temperature, are continually exchang-
ing rays of heat with cach other; and this is supported by the
analogy of Light. Luminous bodies mutually exchange rays
of light; a feeble light sends rays to one of greater brightness,
as well as receives rays from it; and the quantity of light
emitted by each does not seem to be influenced by the vicinity
of the other. It is probable, therefore, that the radiation of
heat takes place in the same manner.

72. The Reflection of Radiant Heat. When radiant heat
falls upon a solid or a liquid body it is either reflected, absorbed,
or transmiited. All the rays which are not absorbed or trans-
mitted are reflected. The fact of reflection may easily be proved
by standing before a fire in such a position that the heat can not
reach the face directly, and then placing a piece of tinned iron
in such a position as to allow of seeing the fire by reflection;
"as soon as it is brought into this position a distinet impression
of heat will be perceived.

73. Law of Reflection.—Angles of Incidence and Reflection
equal. In every case of the reflection of heat the angle of in-
cidence is equal to the angle of reflection. In this respect heat
follows the same law as light. This law has long been known

71. State Pictet’s theory of radiation. ®revost’s. Give the analogv of light.—72.
What is meant by the refiection of heat ?—73. State the law of Refiection.
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in regard to heat associated with light, as in the case of the
sun's rays an those which are emitted from a red-hot ball; but
that non-luminous heat, like that which proceeds from vessels
of hot water or from other boli® heated below redness,—that
these invisible rays of heat are subject to the same law of re-
flection as those which are accompanied by light, is a modern
discovery, first established by Saussure anl Pictet, at Geneva.
This very interesting fact may be proved thus: In Fiy. 14,
let m » be a mirror of tinned
iron, polished, and let a ball, heat-
ed to any degree below redness,
i be placed somewhere upon the
i line A B ; the ray of heat falling

Fig. 14.

2 € upon the mirror will be reflected
so as to reach a thermometer

: placed upon the line ¢ B ; and

7 T 7w on measuring the angle A B »

Db Sor RaR i which the incident ray makes with

the perpendicular at the point of

incidence, it will b= found to be exactly equal to the angle ¢

B D which the reflected ray makes with the same perpendicu-

lar. It follows from this law that with a concave parabolic inir-

ror the rays of non-luminous heat, like those of light, may be col-

lected to a focus; and with two such mirrors, some very inter-

esting experiments may be performed illustrative of the laws
of radiation, as well as those of reflection.

74. Concave Mirrors. Concave mirrors, or reflectors, are
parabolic or spherical surfaces of metal or glass, which serve to
concentrate rays of light or heat upon one point called the focus.
In Fig. 15, a section is given of a spherical mirror of this de-
seription. M N Is the mirror, A is its middle point or centre,
c_ is the centre of the sphere of which the mirror forms a part,
and A B is a line perpendicular to the middle point of the
mirror. Now upon the line o B—the principal axis of the
mirror—Ilet any source of heat be placed at such a distance that
the rays E K, P H, G I, L D can be considered as parallel
to each other: the ray £ K falling on the mirror will then be
reflected in such a direction that the angle ¢ x F, which is
the angle of reflection, will be equal to the angle ¢ K E, the
angle of incidence; because any one point, as K, may be re-

IIow may it be proved in the case of a plane mirror?—74. Describe the concave mir-
ror.
3
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garded as a plane mirror, and the line ¢ k is a perpendicular
drawn to it. All the other rays, » H, A 1, L D, will be
reflected in the same manner, and concentrated upon the same
point, ¥, situated upon the line o B. It follows in consequence
of this concentration, that there will be a greater elevation of

Fig. 15.

QW

Reflection from Curved Surfaces

temperature at ¥ than at any other point. This point is there-
fore called the Focus, and ¥ a, the distance from the focus to
the centre of the mirror, the focal distance. In the figure, the
rays of heat are passing from E to K to F, in the direction of
the arrows; but, reciprocally, if the hot body be placed at r,
the rays of heat will pass from F to K,to H,to A, to 1, to D,
and from these points be reflected in lines parallel to each other;
should these rays then fall upon a second spherical mirror ex-
actly opposite to the first they will be reflected a second time,
and econcentrated at its focus.

75. Experiments on Radiation avd Reflection with two
Concave Mirrors. Let two concave mirrors, made of polished
brass, and from twenty to thirty inches in diameter, be placed
exactly opposite to each other and ten or fifteen feet apart; £vg.
16. In the focus of one mirror place a flask of hot water, and -
in that of the other a thermometer, with a screen of paper or glass
between them ; the focus of mirrors of this size is about 44 or 5
inches from their centres. Remove the screen, and the ther-
mometer will at once begin to rice. If a cannon ball heated
below redness be employed instead of the bottle of hot water,
the effect upon the thermometer will be more decided. That
this effect is due not to direet radiation from the ball to the
thermometer, but to a double reflection from both mirrors, may

-

Show how heat is reflected by it.—75. Describe the experiments with concave mirrors.
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be shown by moving the thermometer from the focus toward
the hot ball, when it “will be seen that the mercury falls instead
of rising; and still more conclusiv ely by placing a screen be-

Fig. 16.

Reflection of Heat.

tween the ho* ball and its mirror, the thermometer being in the
focus of the other mirror. In the latter case there is an opportu-
nity for direct radiation of heat from the ball to the thermometer,
but none for reflection, and yet the mercury falls; remove the
screen so as to allow the reflected heat to fall again upon the
thermome‘er, and the mercury will at once begin to rise, show-
ing that the effect is due in both cases, not to radiat’on, but to
reflect'on. When a red hot ball is placed in the focus of one
mirror, water may actually be boiled, and tinder, phosphorus,
and guupowder ignited in the focus of the other. Similar ex-
periments may be performed with a picce of gilt paper rolled
into the form of a hollow truncated cone, open at both ends,
the metallic surface being inside, and a hot ball placed opposite
the larger opening of the cone. The rays of heat which enter

Show that the effect is due to reflection, and not to direct radiation.
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the cone will be reflected in such a way as to be concentrated
at a focus beyond the smaller end, in which phosphorus and
gunpowder may be fired, £ig. 17. A silver spoon held in such

Fig. 17.

Reflection of Heat by Gilt Cone.

a position before the fire as to reflect the light to a forus will
al-o concentrate the rays of heat to such a degree as to burn
the hand and scorch a piece of paper.

76. The different Reflecting Powers of different Substan-
ces. This was determined by Mr. Lesl e with an apparatus rep-
resented in I%g. 13: M is a cube of boiling water, at 212°; it is
placed in front of the mirror N, on a lins perpendicular to its
middle point. The rays of heat procceding from the cube are
reflected by the mirror upon a plate @ made of the substance
whose reflecting power is to be determined, which is placed ex-
actly in the focus of the mirror. By this plate the rays of heat
are reflected a second time upon the bulb of a differential ther-
mometer, and the number of rays reflected, or the reflecting
power of the plate, is measured by the cffect "which is produced
upon this instrument. Taking the reflecting power of brass as
100, it was found by this process that silver was €0, tin 80,
steel 70, lead 60, Ind'a ink 13, glass 10, oiled glass 5, glass
moistened 0, lampblack 0. Thus it was proved that the reflect-
ing power of the metals is much greater than that of othcr
bodies, and it has since been shown by Melloni that of all the
metals mereury possesses the greatest reflecting power.

Describe the experimrént with cone of gilt paper.—75. Deseribe Leslie’s experiments
for the purpose of determining the relative retlecting power of diferent substances.
State his results.
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77. The apparsnt Radiation and Redection of Cold. There
is an interesting experiment originally periormed by the Floren-
tine Academicians, whieh seems to prove the rad.ation and re-
flection of cold. If a piece of ice be placed in the foeus of one
of the mirrors, a thermometer in the focus of the other mrror
will immediately descend, and then rise again as soon as the ice
is removed. From this, it might be inferred that there are
frigorific rays, posses-ed of the power of communica‘ing cold-
ness; but it is evident that in this ca-e, acco-ding to the theory
o M. Prevost, the thermometer falls because it radiates more
heat than it receives, and not in coa equence of the influence
of frigorific rays. In relation to the ice the thermometer is
really a hot boly, and its temperature sinks when placed in the
focus of the mirror, beeause it radiates more heat to the ice
than is radiated to it by the ice: as :o0on as the ice is removed
the thermometer receives as much heat as it radiates, and its
previous tempera‘ure is restored. It is on the same principle
that a sensation of cold is experienced on approaching a wall
or a buildinz whose temperature is much lower than our bodies,
viz., becanse we radiate more heat than we receive.

78. The material of which Mirrors are made afects their
power of redecting Heat. Theve is a remarkable differ-
ence between the substances of which mirrors are made with
respect to their power of reflecting heat, though their polish
may be equal.  Thus if the experiments already deseribed be
made with a concave glass mirror covered in the usual manner
with amalgam, they will not succeed. A red hot cannon ball
or a basket of burning charcoal placed in the focus of such a
niirror ean not bz made to inflame phosphorus or tinder in the
focus of the other. The mirrors themsclves become warm and
apparen:ly ab:orb the heat without reflecting it, while they re-
flect light in the usual manner, as may be shown by sub:tituting
a blackened card for the phosphorus in the focus of one of the
mirrors; a bright spot of light will immediate'y be formed,
which is evidently the result of reflection. It is necessary that
mirrors should be made of brightly polished metal in order to
reflect both light and heat. 1f, however, solar light be used in

rthese experiments, instead of artificial light, it is found that glass
mirrors will reflect the sun’s light and heat without beepming

77. What eect is produced if ice is introduced into the focus of one mirror? Does
this prove the radiition and reflection of cold ?—78. What effect has the material cf
whica the mircors are made? 10 soiar light be employed, does the material of the mir-
rors exert any intluence?
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sensibly warmed themselves. This shows that the source from
which the heat proceels, as well as the material of which the
m'rrors are made, has a gieat effcet upon the amount of heat
reflecte 1.

7). Prastical Applications. The power that brightly pol-
i-hed metallie surfaces pos ess of throwing off the rays of heat
which fall upon them, is often u ed for the purpose of protection
against high temperatures, and for preventing bodies from be-
coming dangerously heated.  Thus andirons, if brightly polished,
will remain comparatively cool, notwi‘hstanding their proximity
to the fire, while, it rough and unpolizhed, they wiil bcome too
hot to be touchel. Water contained in a burni-hed silver
pitcher can with difficulty be Leated, even when placed dircetly
before the fire: tlie same amount of water in a reugh iron ket-
tle at an equal distance from the fire would speedily be made
to Loil.  Nor is it necessary that the protecting suriace should
be of any great thickness. The thinnest coating of bright
metal reflects heat as perfectly as a solid metallic plate; a mere
covering of gold leaf will enable a person to place Lis finger
within a very small distance of red hot iron or other incan-
deseent body, while the hand woulkl be Lurned at ten times the
distance if unpirotected. If a piece of red hot iron bLe Leld over
a sheet of paper upon which some letters have been gllded, the
uncovered intervals will be scorched, while the letters will re-
main un:arnished. Wood work in the viciity of stoves and
furnaces can be perfectly protected by a covering of bright tin.
If the bulb of a thermometer be coated with tin foil it will re-
main comparatively unaffected by changes of temperature.
The polished metallic helimet and cuirass worn by coldiers are
cooler than might be imagined, because the polished metal
throws off the rays of the sun and can not casily be raised to
an inconvenient tmperature.

In like manner heat can be concentrated by reflection. The
Dutch oven reflects the heat of the fire upon the meat placed
within it, provided its inside surface be kept brightly burnished.
The most refractory sub-tances can be melied, and even the
diamond can be ignited and wholly con:umed in the focus of a
concave mirror, placed so as to concentrate the full strensth of
the solar rays. It was by a large number of planc mirrors,
each one held by a single mai, and so adjusted as to reflect the

79. Describe some of the practical applications of reflection of heat. Is it necessary
th.t the refiecting surfice should possess any great thickness? Describe the process
by which Archimedes set fire to the Roman fleet.
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heat of the sun upon a single point, that Archimedes is said to
have set on fire the Roman fleet before Syracuse. The cele-
brated French Philosopher, Buffon, repeated this experiment in
the last century, and constructed burning mirrors which were
able to accomplish similar results. These mirrors were made
of a great number of highly polished pieces of plane glass,
eight inches long and six broad, which were placed in such a
manner that the rays reflected from every piece could be concen-
trated on one pomt. By employing 128 such pieces of glass
Buffon succeeded, at a distance of 220 feet, in firing a pitched
wooden plank by the heat of a summer’s sun.

80. The Reflection of Heat by Fire Places. The first
great improvement in the construction of fire-places consi-ted
in building the sides at an angle to the back, so that the heat
proceeding from the fire might be thrown into the room instead
of being reflected from one side to the o'her until it was finally
absorbed. The upper part of the back of the fire-place was
also inclined forward at an angle to the lower part, for the same
reason and for the purpose of contracting the throat of the
chimney. The angles of inclination should be 135°, as repre-
sented in the accompanying figures, and the brighter the sides
and the back of the fire-place the greater the amount of heat
reflected into the apartment. The ground plan of the old con-
struction is represented in [%g. 18; of the new, in Fig. 19.

e
N
= |

i

/ 2

5 d
Old Fire-Place. New Fire-Place.

The angle of incidence is the angle which the ray of heat that
falls upon the side of the fire-place makes with the line drawn
perpendicular to that side at the point of contact of the incident
ray, and the angle of reflection being equal to the angle of inci-
dence, it is evident that in F7g. 19 the incident rays, ¢ b ¢ and

Describe Buffon’s repetition of this experiment.—80. State the application of these
principles to the construction of fire-places.
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d will be reflected in the directions o’ &' ¢ and d', and thus
find their way into the room; while in Fig. 18, the rays must
necessarily fatl in such a manner upon the side of the fire-place
tuat the greater part of them will be reflected fiom one
side to the other, until they are ultimately dissipated and
lost in the chimney, those only which tail perpendicularly upon
tue back bemg retlected directly into the room. In Fig. 20 is
shown the same fire-place in

S =t elevation.  This improvement
= —> was made by Dr. Frauklin, and
4ol oL is found in the old-fashicned

Franklin stove, which j ossesses

(e A B

NN 94! . g0
i :NE t://///%y//////%yl ! a.lro this additional afl\'m'nage:
i that all the hLeat which is ab-

sorbed by the iron is diffused
=y through the air of the apart-
ment by convection, and thus
prevented from being lost.

Though the mode of warming Louses by means of fire-places
has nearly passed out of use, this improvement of Dr. Frank-
I'n’s deserves to be remembered as being truly philosophieal in
its character. It would greatly conduce to the yublic health if
our houses were more commonly warmed in this manner. be-
cause, by keeping up a continual draught it {avors ventilation
and produces a mild and gentle temperature.

81. The Absorption of Radiant Heat. Bodies differ very
-much in their power of absorbing radiant heat. The absorbing
power of a body is always in the inverse proportion of its re-
flecting power; if it be a good reflector, it is a joor absorber,
and wvice versa. To determine the abrorbing jower of bedes,
Leslie made use of the apparatus which he employed for deter-
mining their reflective power, see Fig. 13; omitting the plate
a, and placing the bulb of the thermometer exactly in the
focus of the mirror. This bulb was covered successively with
lampblack, varnish, gold, silver and copper leaf, and the ther-
mometer, under the influence of a constant souree of heat, M,
rose or fell, as the substance with which it was covered absorbed
more or less heat. In this way it was found that the absorbing
power increased as the reflecting power diminished. It was
also discovered that those bodies which are good radiators also

B
i/ l
[ B 2 il

Franklin’s Dnprovement.

81. Ifow is the absorption of radiant heat determined? What is its relation to the
power of reflection?
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absorb heat readily, and that the power of absorptionis directly
proportional to the power of radiation. Thus lampblack, which
is a ghod radiator, is also a good absorber; and in general, the
more roigh and uneven the surface, the more fieely does it
allow radiant heat to enter it.

82. The Absorption of Heat is much aFected by Color. The
color of a body has a great effect upon its ab orbing power.
Biack absorbs the most, and white the least. This fact was
first noticed by Dr. Franklin, who placed pieces of different col-
ored cloths upon the snow in the sunlight, and observed that
the melting extenled to the greatest depth under those which
had the darkest color. If pieces of copper be paiuted of
different colors, placed upon a cake of wax and exposed to
the sun, a similar result wil follow. If the bulb of a ther-
mometer be covered with paints of different colors and pliced
in the sun, the mereary will rise the highest when the darkest
colors are employed. This is not only true of heat associated
with light, but of non-luminous heat also.” Thus when different
colored wools were wound upon the bulb of a thermometer, and
the initrament inclosed in a glass tube immersed in hot water
at 212° it was fo ind that the effect upon the thermometer varied
with the color of the wool. When black wool was used the
m 'reury rose from 50° to 170 in 4" 30 ‘; dark green,in 5 ;
scarlet, in 5’ 80" ; white, in 8'.  Practical application is made of
these facts in the selection of clothing; black colors ghoulld not
be used in summer, because they absorb heat readily; but
waite, bzeanse they absosb slightly and refleet powerfully.”
Bla:k and dark colored glass may be used with advantage in
green-houses and hot-beds, because it absorbs heat, and elevates
the temperature to a much greater extent than clear and trans-
parent glass. In the Alps, the mountaincers accelerate the
mz'ting of the snow by scattering carth, ashes, and other dark
colored substances upoa its surface.

83. Transmission of Radiant Heat. When radiant heat is
not feflected or ab-orbed by the surfaces on which it falls, it
must of necessity be transmitted. If it be entirely transmitted,
no elevation of temperature is produced in the body through
which it pisses.  There are but few substances, however, which
thus transmit heat; generally a portion of it is absorbed, and an
clevation of temperature in the tran=mtting body produced.

82. Show that the power of absorption is affected by color. Is non luminous heat uf-
ficteld in the same manner? How can this be proved? State some of the praetical ap-
piications. -83. When .radiint heat iz not reflected or absorbed, what becomes of it?
I Beat be entirely transmitied, wiut edect i3 produced upon temperature?
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84. The Transmission of Radiant Heat by any substance
deopeads, to a great degree, upon the source from which the
Heat proceeds. If a piece of glass be held between the bulb
of a thermometer and the sunr, scarcely any diminution of tem-
perature will be observed in the thermometer, and scarcely any
elevation of temperature in the glass itself. But if the same
plate of glass be held between a brightly burning fire and the
thermometer, it will be found to intercept nearly all the rays of
heat, while at the same time its own temperature will be greatly
elevated. The common glass lens, called the burning gla-s,
collects the heat of the sun’s rays to a focus o as to produce
combustion without having its own temperature at all increased ;
but it exposed to any source of artificial heat and light, it will
collect the rays of light to a focus as before, but will not con-
centrate-those of heat, or any longer pioduce combust'on. On
the contrary, it absorbs the rays of heat as fast as they fall upon
its surface, and in consequence of this, its temperature rapidly
rizes. In like manner, with a lens made of ice, Mr. Faraday
succeeded in concentrating the sun’s rays co as to inflame gun-
powder; but the same lens held before a brightly burning fire,
while it would eoncentrate the light as befo: e, would no longer al-
low the passage of the heat; absorption of heat at once took place,
and the lens was rapidly melted. In like manner the rays of the
sun may be so eoncentrated by means of a parabolic mirror as
to produce a bright spot of light and inflame a combustible sub-
stance, or even fuse metals and the precious stones, and if a
screen of glass be interposed between the sun and the mirior,
or between the mirror and the substance to be melted or burned,
the effect will be but little, if at all, diminished. But let a
powerful lamp, or a brightly burning fire, be substituted in place
of the sun in this experiment, and it will be found, on inter-
posing the sereen of glass, that the heating effeet of the mirror,
instead of remaining undiminished as before, is rednced almost
to nothing, while the brightness of the spot of light remains
wholly unchanged. In the experiments above described upon
the radiation and reflection of heat by two concave miriors,
in which the heat is derived from some artificial source, if
a sereen of glass be interposed between them, the rays of heat
will be entirely intercepted, and the glass itself become sensi

84. Is there any connection between the amount of heat transmitted and the source
from which it proceeds? Give illustrations. State the difference between solar and ter-
restrial heat as to concentration bv a lens. What experiment may be performed with a
lens made of ice? State tie efect of a concave wiirror upon heat procecding from differ-
ent suurces.
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bly warmed. For this reason glass is preferred to every other
material for the manufacture of fire sereens, because it abscrbs
all the rays of heat that proceed from the fire, wi hoat ob-
structing the cheerful light. So too, it is used to fill the aper-
tures for observation in poreelain and metal furnaces, because
on account of its transparency it allows of close inspection of
what is passing in the interior, while at the same time, in con-
sequence of its complete absorption of the rays of heat, it shields
the eyes and face from the exeessive temperature to which they
would otherwise be exposed. It is not to be understood, however,
that perfectly transparent glass is absolutely impermeable to ter-
restrial heat, but only that its power of tran <mission is very
small. The intense heat of charcoal ignited by galvanic elec-
tricity does produce a certain effect upon the air thermometer
when concentrated by a glass lens, and thin plates of glass will
also slightly transmit the heat of a power.ul gas burner.

85. Transmission of Radiant Heat of egqual intensity from
differant sources different for the same substance. These facts
were confirmed by some experiments made by Melloni, an Ital-
ian philosopher, who paid much attention to thissubject. In

: these experiments four different sources of

Fig. 21. heat were employed, viz.: 1st, the naked flame

of an oil lamp; 2d, ignited platinum; 8d, cop-
per heated to 750° I ; and 4th, copper heated
to 212° F. Although these different sources
differed in temperature, the experiments were
arranged in such a way that the heat proceed-
ing from each was in all cases of precisely
equal intensity; this was accomplished by
varying the distances from the different sour-
ces of heat at which the bodies in question were
laced. The proper points were determined by
noting the distances at which a differential ther-
mome er, #ig. 21, whose bulbs were covered

Differential Ther- E c
i e T lampblack, was required to be placed from

each -ource of heat in order to rise an equal num-
ber of degrees in the same time. Then thin plates of rock salt,
fluor spar, alum, and other substances whose power of tranas-
mission was to be determined, were placed in turn at the e
ascertained points opposite the varioas sources of heat employed.

Why is wlass admirably adapted for fire screens? Ts glass impermeable to terrestrial
heat of every kind?—85. Give an account of the experiments of Melloni.



60 TRANSMISSION OF IIEAT.

In this manner the heat which fell upon each plate from every
one of the sources employed was made to be of exactly equal
intensity. Finally, the amount of heat transmitted by each sub-
stance was ascertained by observing the effect produced upon a
delicate thermo-multiplier placed in succession at an equal distance
from cach plate on the side opposite to that from which the heat
proceeded. The results are contained in the following table.
The figures not only indicate the comparative eapacity of differ-
ent substances for transmitting heat from the some source, or
their diathermancy, as it is called, but also demonstrate the re-
markable fact that this capacity varies in most cases with the
source from which the heat proceeds, notwithstanding the inten-
sity of the heat that is received from each is exactly equal.
The explanation of this singular fact is, that there are different
kinds of heat emitted by different sources, and that a body
which is permeable to one kind is not necessarily so to all.
The only exception to this rule is found in rock salt, which,
it will be observed, transmits heat equally well from whatever
source it may proceed. This substance is in all cases perfectly
transcalent to heat. .

" Melloni’s Table, showing the amount of Heat from different sources, but
of the same intensity, that is transinitied by different substances.

Each Plate was 0102 inch thick. | Riked | tenited | Copper | topper
Rock Salt, limpid, . o S 92.8 92.3 92.8 7 {0005
Sulphur, Sicily, . 3 . T4 ki 60 54
Fluor Spar, . 2 3 5 72 69 42 33
Rock Salt, cloudy, ) g 65 65 65 65
Beryl, greenish yellow, . 3 46 - 88 24 20
Iceland Spar, . 5 3 39 28 6 0
Plate Glass, . 5 3 5 39 24 6 0
Quartz, limpid, . s 3 38 28 6 3
Quartz, smoky, < . : 37 28 6 3
Topaz, white, . 5 5 33 24 4 0
Tourmaline, ., 5 . 5 18 16 3 0
Citrie Acid, 5 3 5 11 2 0 0
Alum, . 4 3 g 3 9 2 0 0
Sngar Candy, ; > ; 8 1 0 0

These experiments establish the general truth that the amount
of heat transmitted by any substance is dependent, to a certain
extent, upon the source from which the heat proceeds. Solar

State the results of his experiments. Why is salt called a perfect diathermic? What
fmportant truth is established by his experiments ?
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. radiant heat finds a readier passage through transmitting mecia

than that from any other source.

86. Transmission of Radiant Heat from the same source,
diFerent for diFerent substances. Diathermancy. Theamount
of radiant heat transmitted depends not only upon the source
from which the heat is derived, but al:o upon the nature of the
transmitting substances. Thus the rays of heat from a brightly
burning fire are hardly transmitted at all by a piece of clean, trans-
parent, colorless glass, but very readily by a piece of black glass.
Transparent alum is nearly as impermeable to heat as colorless
glass, while rock salt, which is almost perfectly opaque, will
transm't it with the greatest readiness. This power of transmit-
ting radiant heat is called Diathermancy. Those bodies which
give it a ready passaze are called diathermanous, while those
which al'ow it to pass with difficulty, or intercept it altogether,
are called adiathermanous. Rock salt is the most perfect dia-
thermano 1s body known, and its wonderfal power in this respect
can be shown by the apparatus represented in Fig. 22. Let s be

Diathermancy of Rock Salt.

a plate of rock salt, and ¢ one of glass, both at equal distances
from the ball of iron, which is heated nearly to redness. Let
P P be bits of phosphorus, supported at equal distances from
the plates s and &, behind which they are respectively placed.
The plate of ro-k salt is four times thicker than the plate of
glass, and is also nearly opaque; but notwithstanding this, the

86. Is the transmission of radiwnt heat from the same source the same for all media ?
How is the relutive diathermuney of didfercut solids determined? Describe the experi-
ment illustrated by Fig. 2z
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pliosphorus behind it will be inflamed some time sooner than
that which is behind the glass. In like manner, if the hands
be placed, one behind each plate, the differeuce in transmissive
power will be very pereeptible, and if two large air thermome-
ters be used, this difference will be made very manifest by the
rising of one much higher than the other.

§7. Diathermancy is not proportioned to Traunsparcncy.
Diathermancy bears the same relation to radiant heat that
transparency does to light. Transparency and diathermancy
are, however, by no means proportional; on the contrary, often
the most transparent substances are by no means as diatherma-
nous as those which are opaque. Black glass will allow the
rays of terrestrial heat to pass through it much more readily
than that which is perfectly clear and transparent.  Transparent
alum and ice intercept the rays of heat almost cntirely, while
brown roek crystal and rock salt, which are quite opaque,
furnish it a ready passage. Pure water arrests radiant heat
almost entirely, while the reddish liquid, chiloride of sulphur,
allows it to pass with freedom. Sulphate of' copper allows the
passage of blue light abundantly, but arrests the rays of keat
entirely. Mechanical arrangement has much influence upon
diathermancy. TPulverization almo:t completely destroys the
power of transmitting heat. Rock salt powdered is almo:t
completely adiathermanous, and the same is true if it be dis-
solved in water; a solution of rock salt is nearly as adiatherma-
nous as a solution of alum. This is in ana’ogy with the effect of
change in mechanical arrangement upen the transmission of
light. Pure sugar candy is transparent, but ground to powder,
it becomes opaque ; and the clearest glass, if pulverized, loses
its transparency and becomes entirely impervious to light.

88. Melloni’s experiments on the Diathermancy of Solids.
In these experiments, from which the greater part of our knowl-
edge on this subject is derived, the heat transmitted was meas-
ured by the thermo-multiplier, an instrument much more sensi-
tive to small degrees of heat than any thermometer. It is, in
fact, the most delicate measure of heat known, and is now em-
ployed almost exelusively in researches of this description.
The principle upon which it is constructed is, that heat has the
power of exciting electricity, and the more intense the heat, the

87. What is diathermancy? Is there any relation between diathermaney and trans-
parency? Give illustrations. What effect has mechanical division upon diathermaney ?
Give illustrations.—88. Describe the thermo-multiplier used by Melioni in his experi-
meunts,
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more powerful the current of electricity. This electri ity may
be measured with great accuracy by the galvanometer, an m-
strument which w111 be described hereafter, under the head of
: electro-magnetism.
The general arrange-
ment of Melloni’s ap-
paratus may be seen
m Fig. 23; ¢ is
the galvanometer, Ly
which the intensicy
of the electric cur-
rent is measured ; D
C represents the
thermo-clectric  pile
by which the electri-
city is produced; T
T, are cases which
fit over it and pro-
tect it from the influ-
ence of surrounding
objects 5 2 and y
Melloni's Appamm‘ are wires which con-
vey the clectricity to
the galvanometer. At s the substance is placed, whose trans-
missive power is to be determined, and to the left of it, but un-
represented in the figure, stands the lamp or oher source of
heat employul The results of these experiments may Le seen
from an examination of the different columns of the table previ-
ously given, § 85. Thus in the first column, where the re:ults
are those which were obtained by employing the naked flame
of an oil lamp, the diathermancy is as follows:

Melloni’s table of Diathermnancy, showing the amount of heat from the
same source that is transmitted by different substances.

Each Plate was 0 102 inches thick. Source, naked flame.

Rock Salt, . ] A . unart limpid . ) 2

Sulphur, . q ’ LS Quart? smoky, . 0 37
Fluor Spar, . 3 5 T2 Topn/, white, 3 o 23
Rock Sualt, clondy, . 63 Tourmaline, =~ . g 18
Beryl, w]low greenish, . | 46 Citric Add, < o ! 11
Tecland Spar, o . % 39 Aluw, . " 5 4 9

Plate Glass, . u i 39 \nmn' (‘andv 2 " > 8
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It is evident, therefore, that substances of equal transparency
and equal thickness differ most remarkably in their power of
transmitting heat from the same source. Melloni’s apparatus

*was go delivate that the heat procecding from the hand was at
once made apparent by its eflect on the galvanometer, and a
temperatare less than zilsg of a degree, F., could readi'y be
deiec ed. It is the only instrument with which experiments of
thus Kind can be satisfactorily periormed.

€9. The Diathermancy of Ligunids. In like manner it was
ascertained that liquids differ very much in their power of tians-
mitting radiant heat. The rource of heat was an argand lamp,
and the liquids were confined in a trough of glass, the oppo:ite
faces of which were distant fiom each other 0.362 of an inch.
Turpentine was found to transmit 31 out of every 100 rays,
while rape seed oil transmitted but 30, olive oil 30, ether 21,
alcohol 15, and distilled water only 11.  Yet all there liquids
ate almost equally transparent. On the contrary Chloride of
Sulpliur, which is of a reddish color, and nearly opaque, allowed
63 out of every 100 of the incident rays to pass thiough it,
showing in a striking manner the entire independence of trans-
parency and diathermancy. Pure distilled water is one of the
most adiathermanous liquids known, eighty-nine per cent. of the
rays of heat which fall upon it being abrorbed without percep-
tibly raising its temperature. A beam fiom a powerful electrie
light may be sent through a mass of ice, without melting it, pro-
vided the light be first made to pass through a stratum of water.
The heat seems to be completely strained out of the beam and
abrorbed by the water, raising its temperature speedily nearly
to the boiling point, while the light passes on without obstruc-
tion. A very thin stratum of water is quite sufficient to cut off
all the heat that may be thrown upon it without perceptibly in-
terfering with the light. It therefore makes excellent serecns
for the protection of workmen from the excessive temperatures
of furnaces, while at the same time it allows them to keep a
watchful eye upon all that is going on within. In consequence
of the great capacity of water for heat, its tcmperature is but
slightly affected by the heat proceeding from common sources.

What instrument is emplored to measure the intensity of the heat? Preve the ex-
treme delicacy of tais instrwment. What fraction of a degree can be measured by it?
Give the genceral results of Melloni’s experiments as contained in the table.—89. I the
diithermancy of all liquids equal? Ilow was their didithermancy determiined? State
the diathermancy of several important liquide,—water, alcohol, ether. 1s there any
connection between the diatherm:ney and transparency of liguids? What is the effect
of ice and water upon radizut Le.t? Why do they make excelient screens?
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90. The Diathermancy of Gases. 1t is also found that the
different gases, though they may be equally transparent, trans-
mit very unequal quantities of terrestrial radiant heat. Per-
fectly dry and pure Air appears to transmit all the heat that falls
upon it without the slightest absorption. The same is true of
Hydrogen, Nitrogen and Oxygen. But Carbonie Acid, which
is equally transparent with these gases, has a transmissive power,
Air being taken as 1,of only 5. Tne Illuminating gas of eities
has a transmissive power of only z}5. Ammonia yy%5. It has
also been found that moist air has much less transmissive power
than dry air, and that if the air be perfectly saturated with
watery vapor its transmissive power is diminizhed ;. The
effect of perfumes diffused through the air is the same, and the
vapor of alcoho!, ether and ammonia produces a similar result.
It is the elementary gases, i. e, those which are incapable of
decomposition, that in general have the greatest diathermancy
and ‘the least absorptive power. The compound gases and
vapors, on the other hand, possess the least diathermancy, and
the greatest absorptive power. In the case of solids it has been
shown that good absorbers are good radiators. The same is
true of the gases; those of them which have the least diather-
mancy, i. e., those which are the best abzorbers of radiant heat,
are also the best radiators, and allow heat to ezcape from them
most readily. The amount of heat transmitted by the same
gas, under the same circumstances, depends very much upon the
source flom which the heat proceeds.

The d athermancy of the gases mentioned above was deter-
mined with heat of low intensity, and derived from various
terrestrial sources. The heat of the sun passes through them
w:th much less absorption. If; however, this solar heat be al-
lowed to fall upon the earth it is radiated again as terrestrial
heat, and this re-radiated heat, strange to say, passes with great
difficulty, and in some cases is entirely unable to pass at all
tirough the air and other transparent media which, as solar
heat, it had penetrated with the greatest case. The moisture
of the air, which then had little power to obstruect its pa sage,
now stops it, and effegtually prevents it from being transmitted
into space and lost. The watery vapor in the atmosphere has

90. Are all gases equally diathermanous? What is the difference between the gim-
p'e and compound gases in this respect? What influence does the source of heat have
upon the diatherni: ney of gases?  What effect is produced upon solar heat when re ra-
dirted . frer absorption b - the ewrth? What effect has tie watery vapor of the air upon
the escape of heat from the earth?
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the same effect, therefore, as an envelope of glass would have in
confining the heat, which tends to escape from the earth, while
it allows a free passage to the solar radiant heat which is tend-
ing towards the earth. The practical utility of this, in main-
taining the earth’s temperature, is obvious, In the same way
the perfume which rises from a flower-bed prevents the escape
of a large proportion of the. radiant heat which is constantly
striving {o pass from the earth, and thus assists materially in
keeping the soil warm and productive. This must have a
powerful effect upon the development of vegetation.

91. Diathermancy explained on the supposition that there
arc different kinds of Elcat analcgous to the different colors of
Light. The reason why heat of a certain intensity and known
effeet, proceeding from one source will pass readily through
certain transparent media, while heat of the same intensity and
the same effect, as estimated by the thermometer, but proceed-
ing from a different source, altogether fails to pass, is, that there
are different kinds of heat, just as there are different kinds of
light. A medium which will transmit one kind of heat will not
necessarily transmit anather; just as one picce of glass, it held
up to the sun, will allow only the red rays of light to pass
through it, abzorbing all the other kinds, while another piece
will only allow the green rays to pass, absorbing all the others;
-or just as a piece of red glass will al'ow all the light from flame
of a red color to pass throngh it, but will not allow that from
flame of a blue or green color to pass through it at all. The
different kinds of light are sufficiently distinguished from each
other by a difference in color, whicl. is a visible property; the
different kinds of heat not being thus distinguished, but being all
equally invisible, it is necessary to resort to some other means
of distinguishing them. This is found in the different degrees
to which they are bent out of their original course, or the
amount of refraction they undergo when passed through a per-
fectly transparent prism of rock salt. This substance is used
both because it is the most perfect of all diathermanous sub-
stances, and also because it i3 equally diathermanous to all kinds
of heat.

92, The existence of different kinds of Ieat proved by the
separation of a beam of Solar Heai by a Prism into rays pos-
sessed of different Refrangibilily and diferent heating power.
‘When the rays of heat fall at an oblique angle upon the surface

What effect have perfumes ?—91. What reason is assigned for heat from different sour-
ces but of the same intensity, passing through tie same medium with unequal facility ?



PROVED BY THE 67

of any substance capable of transmitting them, they arc bent
out of their course in pas<ing through, or in olher words, are
refracted. The law of refraction for heat is” very nearly the
same as that for light. This is proved by the operation of the
common burning glass, for it refracts both the heat and the
l.ght of the sun’s rays to nearly the same degree, and concen-
trates them at nearly the same point, so that the brilliant spot
of light which it produces is also the point of greatest intensity
for heat. The fact of the refraction of rays of heat may alo
be proved by the use of a triangular glass prism. It is well
known that it'a beam of solar light be transmitted through such
a prism, it is separated by refraction in‘o several rays ditfering
in color and refrangibility. Thus if a beam of sunlight be
allowed to enter a darkened room through a fine slit, and fall
upon a triangular prism, Jig. 24, it will not pass through the
prism in a straight
line and form a bright
spot upon a sereen
§ of the same size as
the opening, but it
4 will be bent out of
its course and throw
upon the screen an
elongated spot cf
light compo:ed of
different colors, ar-
ranged in a regular
succession, and always in the same order. This elongated spot
of light is called the solar spectrum, and is compoz=ed of the fol-
lowing colors: violet, indigo, blue, green, yellow, orange, red.
The violet rays arc the most refracted from the original course
of the beam ; while the red rays are the least refracted, and the
highest illuminat'ng effect is found to be in the yellow ray.
‘Now on applying a delicate thermometer to the different colored
‘rays it is found that the rays of heat are in like manner not col-
lected at one point, but are diffused through the whole spectrum,
‘and consequently a beam of solar heat is composed like a beam
.of solar light, of rays of heat of different kinds, and possessed
of dfferent degrees of refrangibility. It is also found that as

Fig. 24 .

The Decomposition of Light.

92. Prove that there are different kinds of heat. Ilow are the different kinds of heat
distingnished? What is meant hy refraction? What is the law of refraction for heat?
Describe the refraction of solar light, und state the colors produced. Describe the re-
fraction of heat.
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the rays of light diffor in eolor, as well as in refrangibility, so
the rays of heat differ not only in refrangibility, but al-o in
temperature.  Thus, if a thermometer placed in the blue ray
of the spectrum indicates a temperature of 56°, when brought
down into the yellow ray it will indicate a temperature of 62°.
If it be moved into the orange, the mercury will rise still higher,
and continue to indicate a steadily increasing temperature as it
approaches the lower part of the specetrnm, until it finally at-
ta'ns its maximum of 7Y° in the extreme lower portion ot the
red ray, 23° higher than in the blue, and 17° higher than in the
yellow ray, and indicating a progressively increasing tempera-
ture from the extreme violet to the extreme red end of the
spectrum.  What is still more remarkable, if the thermometer
be moved to a point below the red ray, and entitely outside of
the spectrum, it will be found to rise even higher than in the
red ray itself, and a certain heating effect is found to be exerted
at a point very considerably below the limit of the speetrum.
This is shown in J%g. 25, where the different rays of heat
marked I1., may be traced
Fig. 25. from the red ray of the
2 5% : 8 solar speetrum, Rk., as far
down as b The point of
§ maximum  heat  depends
§ upon the nature of the
#® substance of which the
§ prism is composed: when
made of crown glass it is
in the red ray; when made
| of flint glass it is just belaw
j the red; when of hollow
glass, filled with water, it
d is in the yellow ray ; when
Unequal refrangibility of the Chemical, llumina- made ?t rock-salt it is
ting and Heating Rays in the Solar Beam. some distance below the
redray. The whole range
of the rays of heat extends from v to b, that is, throngh all
the luminous portion of the spectrum, and alco through a space
which is non-luminous. These results of Sir W. Tlerschel were
confirmed by the experiments of Sir H. Englefield, who proved
that the thermometer rose in the different rays in the following
order:

Do the rays of heat differ in temperature? What is the point of maximum intensi
ty for heat? Is it ever found below the red? Are these invisible rays of heat associ:
ated with solar light?
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In the blue rays, in 3 min., from 35° to 56°, or 10,
82

In the-green.. 8 ¥ v 542t0. 08, or 4.
Ia the yellow ¢ in3 ¢ S nB Lt 622 o 62,
In the full red *  in 2% ¢ ¢ .56910.72° or 16>
In edge of red “  in 2} ¢ ¢ 38°to 734>, or 153°

Below the red ¢ in 24 ¢ “ 61°to 79°, or 18>

Sir W. IIerschel ascertained that the invisible rays exerted
a considerable heating power at a point 1L inches distant from
the extreme red ray, even though the thermometer was placed
at a distance of 52 inches from the prism. Ifrom this it is evi-
dent that a solar beam contains rays of non-luminous as well as
luminous heat, the former being much less refrangible than the
latter; or rather the solar beam coatains rays of heat mixed
with the rays of light, some of which are of the same, and
others of less refrangibility than the rays of light. The solar
beam also contains a third class of rays more refrangible than
those of heat and light, possessed neither of heat nor color, but
exeriing a peculiar chemical power. Of these we do not now
gpeak particularly. They may be seen in Fig. 25, extending
from v to ¢, and inc'uded in the bracket marked c. 1

6€3. This Bifferesce is so marlked that we may separate one
k'nd of I1:at from others with which it is mingled. and employ
it exclusively at our pleasurs. By employing a lens of Rock
Salt, and placing it in the bundle of invisible rays of heat, ex-
tending fron R to b, these rays may all be gathered up and
concentrated at one foen:, with the production of intense heat,
but without a particle of light, and thus completely separated
from tho e kinds of heat of greater refrangibility which fall
between v and R, and are mingled with the rays of light in
the luminous part of the spectrum. Again, there are some sub-
stances which possess the remarkable power of absorbing all
the rays of light contained in the solar beam, but transmitting
all the rays of heat.  Glass co'ored black by earbon, and bi-sul-
phide of carbon containing iodine ia solution, are particularly
distinguizhed for this power. Oa transmitting the solar beam
through the latter substance the rays of light are all ab-orbed,
anl those of heat alone allowed to pass. These invisible rays
of heat thus transmitted may al o be concentrated at an invisible
focus by a lens of Rock Salt, and combustible substances actu-
ally influned. In like manner, if the electric light produced by
the passage of a powerful galvanic current between pieces of
charcoal be employed, instead of the light of the sun, and con-

93 JIow can the rays of heat in the sun’x beam be separated from those of light?
‘What erfects can be produced by concentrating the invisible rays of heat by means of a
lens?
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centrated at a focus by a concave mirro~, the intense light wh'ch
is emittel will be entrely ab orbed Ly ihe above-mentioncd
so'ution of iodine in bi-sulphide of carion, placed between the
focus of the mirror and the charcoal points, and the rays of heat
alone allowed to pass. These invisible rays of heat will stiil
be coneentrated at the same focus, as before the solution was in-
terposed, but with no visible mark to indicate the spot; the
focus, in short, will be entirely invisible. The heat, however,
is intense, and on placing in this dark focus pieces of wood and
paper, they are immediately inflamed,—lead, tin and zine are
melted; if the invisible focus be thrown upon a piece of char-
coal, suzpended in a receiver of oxygen gas, the charcoal will
be ignited and burn with splendid seintillations ; if the charcoal
be suspended in vacuo, it will be heated red hot. If blackened
zine foil be placed in the foeus it will immediately be set on
fire, and burn with a purple flame; the metal magnesium will
burn in like manner with a splendid light.

94, Different kinds of Heat are emitted by different sources
of Ieat, just as different kinds of Light arc emitted by different
colored Flames. In the case of rays of light, if instead of em-
ploying the sun as a source of light to form the prismatic spec-
trum we make use of the red light which is produced by Nitrate
of Strontia dissolved in alcoho!, it will be found that the kind
of light emitted is very different from that of the sun, that the
greater part of the rays are those of small refrangibility, and
that they are collected at the lower part of the spectrum, caus-
ing the point of maximum intensity for light to fall within the
red ray. Just so with rays of heat: by changing the source of
heat we obtain different k nds of heat, varying in refrangibility
ani alteriag the po ition of the point of maximum intensity for
heat in the heat spectrum, in proportion as the rays of one de-
gree of refrangibility preponderate over those of another. This
takes place according to o certain fixed rule. The less intense
the source, the lower the refrangibility of the heat radiated, and
the nearer to the red eni of the spectrum is the point of maxi-
mum temperature. The more intense the source of heat, the
more abundant the emission of the kinds of heat possessed of
h'gh refrang’bility. Thus the sun, the most inten e of a’l the
sources of heat, emits the more refrangible kinds of heat, con-
taining rays which, when passed through a prism, undergo pow-

Deseribe the experiments with the invisible rays obtained from' the electric light.—94.
Show that different kinds of lhieat are emitted by different sources. Ilow does tae point
of maximum jntensity for heat vary with the source?



THE HEAT OF TilE ELECTRIC LIGHT. 71

erful refraction, and are distributed over the whole speetrum,
extend ng as high even as the extieme violet. The naked flame
of a lamp, a less intense source, emits rays of less retrangibility,
hardly extending above the blue portion of the spectrum. Ig-
nited platinum, a still less intense source, emits those kinds of
heat which have a still 'ower refrangibility, extending not much
above the red. Covper, at 750° emits those of even a still
lower degree of refrangibility, while from hot water, at 212°,
only those kinds of Leat are emitted which are possessed of the
lowest possib'e refrangibility. In the case of the electric light,
which, after the sun, is one of the most intense sources of heat,
the proportion of the more refrangible to the less refrangible
kinds of heat is shown in Fig. 26. The rays extend fiom A
to i, and perpendiculars erected

Fig. 26. at various points represent the

calorific intensity, or the amount

of heat of that particular re-

_frangibility existing at those
points. Then the ends of all

the-e perpendiculars being uni-

ted, we have a curve which

shows at a glance the manner

in which the heat is distributed

through the electric spectrum.

The luminous portion of the

spectrum is unshaded, the non-

luminous, or dark portion, is

drawn in black. It will be ob-

served that while this source

emits kinds of heat of refrangi-

bility equal to the Dlue, these

are small in quantity ; that the

less refrangible kinds are larger

in amount as we advance from

E to D, where the luminous

portion of the spectrum termi-

nates: that these still further in-

< crease in quantity as advance is
Curve showing the distribution of the heat m_ade bC]O“: the red into the in-
in the specirum of the Electric Light.  Visible portion of the spectrum,

and finally attain their greatest

E

D red orange yellow green blue

What is the relation between the intensity of the source of heat and The refrangi-
bility of the rays! Kxplain Fig. 26.
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intensity at 1, a po'nt considerably Lelow the red end of the
spectrumn. It the heat speetrum of the sun were drawn on the
same plan, the point 1 would be found opposite a point a little
above b, and would fall within the light or illuminated poriicn
of’ the spectrum, instead of wholly in the dark or invisible por-
tion.

From all this, it seems clear that as there are different kinds
of radiant Light, distinguished by a difference in refrangibility,
and also by a difference in color, so there are different kinds of
radiant Heat, distingui-h: d from each otler also, by a difference
in refrangibility, but not distinguished from each other by color;
and that different sources emit these different kinds of heat in
various proportions.

95. Consequently the unequal Diathermancy of the same

medium for Heat proceeding {rom difereunt sources seems to be
owing to the different kinds of EHeat emitted by the different

sources. This being so, it is easy to sce that the reason the
rays of lLeat proceeding from the sun can traverse glass and
experience but little obstruction, when the same plate of glass
can hardly be traversed at all by heat proceeding from a com-
mon fire, a lamp, or any other source of terrestrial heat is, that
the rays which glass transmits are tho-e of the more refrangible
kinds of heat alone, and it is these which are the most abundant
in the solar beam; while the rays of heat proceeding from the
fire are those of the less refrangible kinds, and these glass is al-
most entirely incapable of transmitting at all; in the same man-
ner precisely that a piece of blue glass will transmit perfectly all
the rays of light proceeding from a Roman candle, while it will
not allow any of the rays of light proceeding from a flame of
a green or red color to pass through it at all.

96. The unequal Diathermancy of diferent substances for
Heat proceeding from the same source scems to bcowing to a

property in bodies in relation to Heat, analogous to the prop-
erty of color in relation to Light, and called Thermochresis.

The other pecu'iarity brought out by the experiments of Mel-
loni, viz., that heat radiated from the same source, and therefore
of the same kind, is transmitted completely by one substance,
and imperfectly by anoher, seems to be owing to a properfy in
bodies for heat exactly analogous to the property of color in
relation to light. Thus, 92 out of every 100 of the rays of

lLieat proceeding from an oil lamp are transmitted by a piece of

95. Tow does this explain the transmission of heat from one source, and non-trans-
mis-ion of heat from another source, by the same medium ?—93. Prove that there is in
bodies a pr®perty for heat analogous to the property of color for light.
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Rock Salt, while only 9 out of 100 are transmitted by a piece
of alum of equal transpareney and thickness. The reason is,
that Rock Salt is nearly perfectly transparent to heat, while
alum acts like a piece of colored glass upon sunlight; it will
stop a considerable proportion of the rays and allow only a part
of them to pass through. Thus, if clear glass be held up to
the sun it will allow all the seven kinds of light of which white
light is composed to pass through it, while a piece of blue glass
will absorb a certain portion of the rays and only allow those
of a blue color to pass through it. This*unequal absorption of
light of different kinds is the cause of the different colors of
bodies, and this absorption is effected by some peculiar property
which we call color; a body of a red color is one which absorbs
all the rays of light except those which are red; of a blue, all
the rays except the blue, &e. In like manner with the rays of
heat proeeeding from a lamp, Rock Salt will allow them all to
pass without absorption, and they all go through unchanged,
while alum, having the peculiar property of absorbing all the
rays of heat except those of a particular kind, only allows the
latter to pass through. This peculiar absorptive property for
heat, corresponding with color for light, has been called thermo-
chrosis, or tint for heat.

- This is confirmed by another point of agreement between
licht and heat. In the case above mentioned, of a piece of
blue glass which has absorbed all the rays of light except the
blue, and allowed these alone to pass, it is found that if these
blue rays be allowed to fall upon a second piece of blue glass
they undergo no further absorption, but they all pass through it
unchanged ; the reason is, because all the rays of light which
the second piece of blue glass could absorb have already been
absorbed by the first piece, consequently it transmits all the
light which has reached it from the first piece. In the same
manner, if the rays of heat which have succeeded in passing
through one piece of alum be allowed to fall upon a second
piece, they will undergo no absorption, but all pass through un-
changed, hecause all the rays of heat which the second picce of
alum could absorb have already been absorbed by the first
piece; consequently all the heat which reaches the second, after
having passed through the first piece, is transmitted.

Ou the other hand if; instead of making use of a second piece

What is meant by the calorific tint of bodies? What light does this throw upon the
transmission of solar heat by glass, and the non-transmission of artificial heat?

4
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of blue glass, we make use of a piece of red glass, in the above
mentioned experiment upon light, the rays of light which have
passed through the blue glass will not pass through the piece of
red glass, because the rays which red can absorb have not been
all taken out of it by the blue; these will therefore be absorbed
by the red, and the result will be that no rays of light whatever
will be able to pass through. In like manner with the rays of
heat which have passed through the first piece of alum, if they
be allowed to fall upon a piece of ice, instead of a second piece
of alum, as before, instead of passing through unchanged, they
will all he absorbed, because the calorific tint of ice is not such
as to allow them to pass.

It is evident, therefore, that bodies possess a ealorific tint for
heat precisely analogous to their colorific tint for light. The
only substance which seems to have no calorific tint, but to be
perfectly transparent to heat of all kinds, as clear glass is for
light, is Rock Salt. 1In all experiments upon radiant heat this
I8 lhe substance that should be used for the prisms and lenses
which are required. TIts diathermancy is so perfect that the
rays of heat proceeding from the human hand will pass through
it with searcely any absorption, and produce a perceptible effect
upon the thermo-multiplier.

97. The refrangibility of rays of Heat may be altered by re-
radiation—Calorescence. ‘When heat has once been absorbed,
whatever may have been its original source, it acts in all cases
in the same manner in producing expansion ; and when radiated
again it does not necessarily retain the peculiarities of the source
from which it originally proceeded, but its refrangibility depends
entirely npon the temperature of the surface which emits it the
second time. Henece it is immaterial, so far as the common
effects of heat are concerned, whether it were originally derived
from the sun, from actual ﬂame, from ignited platinum, or from
a non-luminous body. It will in all cases be much affected by
the nature of the substance from which it is re-radiated. If
the temperature of the second radiating substance be lower
than that of the original source, the refrangibility of the rays
of heat will be lessened, and on transmission through a prism,
will be found nearer the point b, in Fig. 25. On the other
hand, if the temperature of the second radiating substance rise

97. Do the different kinds of heat, if of equal inteunsity, differ in their effect upon the
dimensions of bodies? If heat be absorbed and radiated again does it still possess the
peculiarities of its original source? Is any effect produced upon the refrangibility of
heat by re-radiation? Explain calorescence. :
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higher than that of the original source, the refrangib’lity of the
rays will be increased, and on trangmission through a prism,
will be found nearer the point r , in Z%g. 25. Indeed, their re-
frangibility may be so much increased that non-luminous rays
are sometimes, by re-radiation, rendered luminous. Thus the
combustion of oxygen and hydrogen gases produces a flame
which contains only rays of heat of low refrangibility, and con-
sequently emitting very little light ; but on introducing a cylin-
der of lime into the flame, the refrangibility of the rays is so
greatly increased that they emit light too intense for the eye to
bear, and on transmission through a prism the point of maxi-
mum inten-ity for heat is found to be nearly as high as » in the
colored part of the spectrum, Fig. 25. In like manner the rays
of sular heat are possessed of high refrangibility, but when re-
radiated from the earth their refrangibility is very much less-
ened, and they can no longer pass readily through the air and
watery vapor which they previously traversed with the. greatest
ease. This alteration in the refrangibility of heat is sometimes
called calorescence, and is analogous to a similar alteration in
the refrangibility of light, treated of hereafier, called fluores-
cence.
$8. The double refraction and polarization of Heat. It is
well known that when a ray of light falls obliquely upon the
surface of a erystal of Iceland spar it is divided into two dis-
tinet rays which proceed in two different directions through the
erystal.  One is in the same plane with the original ray, and is
called the ordinary ray, represenied at o ,in f%g. 27 ; the other
is not in the same plane with the
Fig. 27. original ray, and is called the ex-
& traocdinary ray, represented at E.
o In like manner, if a ray of non-
luminouns heat from the lower or
q red end of the solar spectrum be
thrown obliquely upon the surface
of such a crystal, it will be found
to be divided also into two rays,
which will be refracted ac-
cording to the same law, and ex-
" actly in the same manner, as the
rays of light. The two rays of

93 Explain the double refeaction of light and heat. What is meant by the polariza-
tion of tae doubly refeacted rit)s of light and heat?
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light produced by transmission through a doubly refracting crys-
tal are found to have received a peculiar modification ealled
polarization, the effect of which is briefly this:—A mirror placed
in an inclined position at a certain angle above or below either
of the two refracted rays, is capable of reflecting either ray in
the ordinary manner; but if placed at the same angle of incli-
nation on either side of this same ray, it becomes utterly inca-
pable of refleeting it. The other ray is similarly affected, but
the position of the reflecting side is reversed. In like manncr,
the two rays into which a single beam of heat is divided by a
doubly refracting crystal, are found to pozsess the same proper-
ties of polarization. From these facts it appears that while
there are many points of close analogy between Heat and Light,
and each is capable of conversion into the other, yet as one may
exist without the other, and when associated together one may
be separated from the other without any diminution of the in-
tensity of either, they are consequently in all probability entirely
distinct agents, or, aceording to the undulatory theory, are the
result of two different rates of vibration.

99. The diferent processes through which Heat may pass
in sceking an Eqmlibrinm. In seeking an equilibrium heat may
go through the processes of conduetion, convection, radiation, ab-
sorption, reflection, transmission, refraetion, double refraction,
and polarization. When, however, by any of these processes
it is made to accumulate in any suhstance, it always produces
certain effects, and it is to these effects thus produced by heat
that we next turn our attention.

~

Experiments on Diffusion of Heat.

1. Conduction. To show that sensation is no test of temperature, arrange three
bowls containing water at 320, 960, 1500, respectively  Dip the two hands into the first
and tLird bowls, and then at the same instant into the centre bowl, containing water at
960. To one hand it will fecl cold, to the other warm. See Fig, 2,

2. To show that heat is transferred from a hot body to one that is eolder, introduce a
small tin cup of mercury at 600, into water at 2120 ~ A thermoma*er placed in the cup
will soon rise to 2120, and the mercury will beconie uncomfortably warm to the hand.

3. The sanie fact is shown by holding a rod of iron in the flame of a gpirit lamp.

4. That different substances conduct heat wiith different degrees of facility may be
shown by holding with one hand a rod of mictal, and with the other a rod of glass, in
the flame of the same spirit Jamp, or a rod of brass and a bit of charcoal. The charcoal
may be inflamed and held in the fingers, not more than § of an inch from the flame,
without any uneasiness,

5. That different. metals conduct heat with unequal rapidity may be shown by cones
or rods of different metals tipped with Phosphorus, placed upon a metallic tray at equal
distances from the flame of a lamp below

6. The difference in the conducting power of bodies may be shown by surrounding
three canisters of tin, of the same size, with cotton, charcoal powder, and iron turningz,
contained in cylinders of pasteboard, filling the canisters witl hot water from the same

l499 State the different processes through which ‘heat may pass in seeking an equiiib-
um.

R
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vessel, and placing a thermometer in each; at the end of half an hour they will have
cooled very unequally.

7. That heat progresses from particle to particle may be shown by a rod of iron, one
end of which is heated in the flame of a lamp, having bits of paospiorus piaced in order
upon it. They intlime successively. See fig. 8. 3

8. Wrap a piece of linen elota, or of writiug paper, tightly around a smooth brass or
jron kuob. and hold it in the thame of a spirit lamp. ‘U'ne paper will inflame witn didfi-
culty in consequence of the rapil conduction of the heat by tue metal. .\Vmp tie same
snbstances around a piece of wood, and note how much more rupid the inflanmation js
in consequence of the poor eonducting power of the wood. Ou tais principie may be
explained the melting of a bullet of lead smoothly wrapped in a bit of paper, and held
over a lamp, without burning the paper. < .

9. The imperfeet conducting power of glass may be shown by cracking it with hot
iron; the heat of the iron can not penetrate into the glass; the outside, therefore, only
expands, the insile retaining its original dimensions, and the two are torn apart.

10. Prince Rupert’s Drops. Break the long end.

11. The imperfect condueting power of water compared with metal, may be shown by
pouring water, of a temperature Just supportable to the finger into a tin cup, grasped by
the hand; it immodiately becomes intoierably hot, owing to the excellent conducting
power of the metal.

1 2. The poor conducting power of liquids may be shown by placing a differential ther-
mometer at t1e botiom of a jar filled with water so as just to cover very sligntly the up-
permost bulb ; pour a little ether on the water and intlame it. The heat i3 intense, but
no effect whatever is produced upon the thermometer, though a very slight heat applied
to the bulb, like that of the hand, will cause the thermametric fluid to move througn
several inches. See Fig 6.

13. The poor conducting power of liquids may be shown by freezing a little water at
the botfown of a test tube, filling the tube nearly full of water, and holding tne upper
portion 1n an inclined position over a spirit lamp; the water may be made to boil with-
out melting the ice: see Fig. 7. The ice may be formed by introdueing the tube into a
freezing mixture composed of equal parts of snow and salt.

14. The same fact inay be shown by pouring into a similar tube a small gnantity of
decoction of blue cabbage, then filling it with water and holding it in an inclined posi-
tion in the flame of a spirit lamp, it can be made to boil on tae surface without disturb-
ing the biue decoction below at all.

3. Coavaction. Toshow that liquids must be heated from below, bring the lower
part of the tube used in the preceding experimeut over the spirit lamp; the blue liguid
will immediately begin to diffuse itself and rise to the surface, in consequence of its par-
tieles becoming specifically lighter by expansion.

16. To prepare the decoction of blue cabbage, used for many purposes in chemical
experiments, pour boiling water on purple eabbage eut into fine pleces, and let it steep
for an hour. Strain carefully and bottle, with a little strang alcohol,

17. To show that liq 1ids are heated by convection, fill a flask with strong solution of
carbonate of potash; turow in some bits of amber, and dilute with water until the spe-
cific gravity of the solution becomes equal to that of the amber. Apply the heat of &
spirit lamp below, when the bits of amber will be seen to rise in the centre of the vessel,
and descend at the sldes, following the motion of the water in which they are suspended.

18. Meat the solution of earbonate of potash, not over a lamp, but by dipping it in
hot water; the particles of amber will rise at the sides and descend at the centre; as
800n as it arrives at the same temperature with the surrounding water the motion ceases,
Ta'te the flask from the water and the current is reversed, descending upon the sides and
risiag in the eentre.

19. That gises conduct heat slowly may be shown by filling a hollow cnbical vessel of
metu with boiling water, and noting the cooling at the end of an hour. Fill another ves-
sel of the s une size, made of metal only half as thick as the first, but placed within
another metallic vessel an inch larger than itself, arranged so that the air between the
two can not eseape, making a ecube within a eube, and note the cooling during the same
titae ; it will be mueh less in the last than in the first, though the thickness of the two
vessels in the last case i3 just equal to that of the one vessel in the first.

20. The currents produced in air by heat may be shown by placing a small wax taper
under a tall bell glass; and also two small vessels containing ammonia and chlorohydrie
or muriatic aeid respectively, A cloud is produced whieh circulates with the heated air.

21. Radiation. That heat leaps, as it were, from hot hodies through an appreciable
interval, may be shown by holding a thermometer near a ball of metal moderately heated.

22, That the effect diminishes with the square of the distance, may be shown by ac-
tual measurement, one thermometer being placed at the distance of one foot from the
hot body, another at two feet, and noting the effeet. -

23, That the escape of heat from a body by radiation varies with the nature of the

.
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surface, may be shown by filling three canisters of thin brass, one having a polis .
face, the second coated with lampblack, aud the third with w’hiting, witt% hoxtmwa}t)eel‘-ifix
tne same vessel, and testing the temperature at the end of an hour. The first will be the
hoétcst,rghe secou;l tthe mo)l)est.h and tlhe third intermiediate,

2« The same fuct may be shown by placing a thermometer at an equal dis
f,he four sides Of a brass cube filled wjth oiiing wuter, ot which one sidl:- is Lx-iw!]é)l:’l;ebﬁgm
ished, the second has the natural surfice of the brass, the third is covered with a coating
of whiting, and tle fourth with a coating of lampblack ; the polished side will affect the
thenno!ueter the least, the lampblack the most, &c. ; the hand piaced near the four sides
su;cessxely will t:'alzso deteTct tlt:c difference in the radiating power.

9. Aosorptaon. To show that absorption is affected by the pature of the s 3
and is proportional to the radiating power, place the three t):anisters of extl‘)e?i‘:.ue‘:lr{aé‘;
filled with water at 600, at _egual djstances from the same stove; at the expiration of ax;
:;otur they will be of very difierent temperatures, the blackened canister being the warm-

26. The same fact may be shown by placing three thermometers, one having i
roughened with lampblack, the eecond covered with whiting, the tiird with tlizn] (?oﬁu}:;
equal distances from the same hot ball. The blackened thermometer will rise the hiygh-
f:::s lt:u a given time, then the one covered with whiting; the one covered with tin foil the

27. To show the effect of color upon the absorption of solar heat, place pleces of sheet
copper, two inches square, colored respectively black, brown, blue, green, red, yellow.
::d t\;']hlte, ‘::pml]tctallek? oft;clemtte cognplosed of equal parts of beeswax and olive oil miel tmi

gether, cut a li ess than two inches square ; expose them to the sun’ 1
the depth to which the cerate js melted u:qder ca’ch pri’ece‘ g S @ys abiiote

28. The same fact may be shown by exposing different thermometers, having their
bulbs differently coloreq, to the sun’s rays, or by using thermomecters filled with differ-
ently colored alcohols. In equal times the effect in both cases will be different.

29. To show that there is a difference in the effect of color upon solar and terrestrial
heat, blacken one bulb of a differentfal thermometer, cover the other with whiting. and
place it in the sun; the blackened bulb will be affected the most ; place the same instru-
ment near a heated ball, and no such result will take place.

30. Reflection. The reflection of heat may be shown by placing a hot ball and a
thermometer on opposite sides of an opaque sereen ; the latter remains unaffected. Then
hold a plate of tin, or a common Jooking glass, in such a position that a line drawn frem
the ball to it will make with a perpendicular at the point of contact, an angle equal to
that formed with the same perpendicular by a line drawn from the thermometer to the
tin at the first point of contact; an immediate eflect will be produced upoun the ther-
mometer, and the angle of incidence will be equal to that ot reflection. Heat is there-
fore reflected like light. A vessel of hot water may be used instead of the ball,

31. That rays of heat may be concentrated by parabolic reflectors, to a focus, may be
shown by placing a cube of hot water in front of a parabolic reflector, and a thermome-
ter in its focus, and jnterposing a small ecreen between the bulb of the thermometer and
the cube. The mercury will immediately begin to rise in consequence of the reflection
of heat from the mirror.

32. If, instead of one parabolic reflector, two be used, a thermometer placed in the
focus of one, and a cube of hot water in the focus of the other, a small screen being in-
terposed so as to eut off all direct communication, the rays of heat striking the first mir-
ror will be reflected in right lines to the second, and then be reflected to the thermome-
ter in its focus, precisely in the same manner as light would be.

33, If the sides of the cube be variously coated the effect upon the thermometer will
varv with the surface which is exposed to the mirror, showing the effect of surface on
radiation. g

234, If the thermemeter be made with a cubical bulb of metal, and its four sides be
differently coated, the mercury or colored fluid in the stem will rise to different heights,
according to the side which is presented to the mirror, showing the effect of surface on
absorption.

35. If a spermaceti eandle be placed in the focus of the mirror the effcet will be less
than when an alcohol lamp is used, thus showing that the amount of heat emitted by a
flame is not fu proportion to the light.

36, If a ball of iron, heated se as rot to be guite red hot, be placed in the focus of one
mirror, and a candle tipped with phosphorus and chlorate of potash in the focus of the
other, the candle will be inflamed. A common match may be Jighted in the same man-
ner, and water may be botled. .

37. To show that all bodies, even those not called hot bodies, are continnally radiating
heat to those colder than themselves, place a thermometer in one focus, and a Iump of
fce in the other. The thermemeter will radiate more heat to the jce than is radiated to
it by the jce, and jts temperature will jmmediately sink.
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38. To show the effect 0f bright surfuces in throwing off and reflecting rays of heat,
coat the bulb of a thermometer with tin foil, and it will hardly be affected at all by the
heat from a hot ball when held near it.

33. To show the effect of transparent screens in obstructing the passage of non-lumi-
npus heat, while they offer no impediment to that of solar heat, interpose a screen of
gliss between the mirrors, having a hot hall in one focus, and a thermometer in the
other, and the heating effect will be at once cut off. Interpose the same screen between
the sun and a thermometer placed in the focus of one of the mirrors, and no such ob-
gtruction will take place

40. The same fact may be exemplified by holding a burning glass before a fire, and in
the rays of the sun; the glass is powerfully heated in the first case, but not at all in the
second.

41, Diathermancy. To show that diathermancy is not proportioned to transpa-
rency, employ the apparatus represented in Fig, 22. The screens of glass and rock salt
need not be more than three or four inches square, and may be set into blocks of woo.
The experiment may be varied by using an air thermometer instead of the bits of phos-
phorus, and observing also the effect upon the hands. Instead of a hot ball, a flask of
boiling water may be used. Pieces of glass of various colors may be employed also, in-
stead of the transpurent glass.

42. For these experiments a delicate air thermometer is useful, which may easily he
construeted from a common flat bottomed glass flask, by pouring in alcohol colored red
by cochineal, or blue by litmus, to the depth of an inch, and then inserting a tightly fit-
ting cork through which passes a long glass tube, a yard in length and of fine bore, fit-
ting tightly and extending to the bottom of the flask beneath the surface of the liguid.
On blowing through the tube air will be forced into the flask, and the fluid will rise in
the stem A scale of wood divided into equal parts may be attached to the stem by wire.
The air in this case is the thermometric fluid, and such a thermometer will indicate very
slight differences of temperature very plainly to the eye. The flask may be coated with
Limpblack or whiting rubbed in a mortar with spirits of turpentine, and when no longer
wanted, these coats may be washed off by spirits of turpentiue.

§ II.—Effects of Heat:—Expansion,

100. Expansion produced by Heat.” YWhen Heat is accumu-

lated in bodies it produces very powerful effects. In general,
it causes expansion, and alters the dimensions of bodies, Ilcat
is antagonistic to Cohesion, or that attraction which tends to
unite the particles of the same kind, of which matter is com-
posed; and upon the balance between these two forces depend
the dimensions of bodies, and their state as solids, liquids, and
gases. At ordinary temperatures, heat and cohesion mutually
balance each other, in all solids; but if temperature be increased,
heat, or the force which tends to push the particles of the body
apart, becomes stronger than cohesion, or the force which tends
to bind them together; and the dimensions of the body are
therefore nceessarily enlarged. If the heat be increased, the
relaiive strength of cohesion is still further diminigshed, the
particles acquire mobility, and a liquid is produced. If it be

100. What is the first effect produced by heat? To what force is heat opposed? Tlow
does the balance between these forces determine the state of matter? What is the
cause of liquidity?
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still farther increased the liquid becomes a gas. The first effect

of heat, therefore, is to expand all bodies into which it enters, -

and to make them larger. The ratio of this expansion, how-
ever, differs greatly in different substances. Thus with the
same increment of heat, liquids expand more than solids, and
aeriform bodies more than liquids. There is al-o a considerable
difference in the expansibility of different solids and different
liquids ; but the acriform fluids, as air and the gases, all expand
equally with the same increase of temperature.

101. Expansion of Solids. The expansion of a solid is read-
ily proved by fitting a piece of metal, when cold, to an orifice
or notch, and then putting it into the fire; as temperature rises
it will steadily increase in size, and soon become too large to
enter its former measure.

Fig. 28, : Fig. 29.

Expansion of Solids. Ring of St. Gravesande.

The piece of brass attached to the handle in Fig. 28, is ex-
. actly fitted to the notch in the plate, so as readily to enter it
when cold, but when heated, its dimensions are so enlarged as
to render this impossible. The same fact may also be shown
by the ring of St. Gravesande, in Fiyg. 29, where the ball, ¢, after
being heated, becomes too large to pass readily through the
ring, m, which formerly admitted of its easy entrance.

102. The Expansion of Solids unequal. Different solids
expand unequally for equal increments of Heat. The ratio
of expansion may readily be shown by an instrument called

Of the neriform state? Ilow does the expansion of liquids and gases compare with
that of solids?—101. Ilow can the expansion of solids be proved? Describe the ring
of St. Gravesande.—102, Is the expansion of different solids equal, or unequal? llow
‘can it be proved ?

.
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the Pyrometer, one form of which is represented in Fig. 50.
A metallic rod, 4, is placed upon the supports, and one end
fastened firmly by the screw, B, while the other end is left un-
fasten~d, and arranged so as to touch the short arm of the lever,
K. The rod is then heated by the spirit lamp, and its gradual
expansion is shown by the motion of the long arm of the lever

Fig. 30,

A
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The Pyrometer.

along the graduated circle, a very small expansion at the short
arm of the lever causing the long a:m to traverse an arc of
considerable size, and very evident to the eye. In comparing
different substances by means of this instrument, it is neces-
sary that all the rods should be of the same size and length,
and that the heat of the lamp should be applied the same space
of time.

From experiments made with the pyrometer, it appears that,
in most instances, there is a relation. between the expansion of
the metals and their fusibility, and in general, that those which
are most easily fusible, expand most with equal increments of
heat. Thus lead, tin and zinc, expand much more from the
same increase of heat than copper, silver and iron, and the

former are much more readily fusible than the latter.

103. Expansioa of Metals. Among solids, the metals ex-
pand the most; thus lead, in being heated from the freezing to
the boiling point of water, i. ¢., from 32° F. to 212°, expands
much more than glass, earthen ware, and porcelain. The met-
alz, however, differ very much among themselves in expansi-

Describe the pyrometer.—103. Give the order of expansion among metals. I.s the
same expansion produced by equal increments of heat at all temperatures? 1low is the
total expansion of a body calculated? Do Lodies, afier being heated, contract, on cool=
ing, to their original dimensions ?

4%
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bility from the same addition of heat, as will be seen from the
foilowing table:

Relative Expansion of diffevent Solids.

1000 parts at 320 F , 5 become at 2129, 1 or are lengthened.
English Flint Glass, . 3 1004).811 lin 1248 parts.
French Glass Tube, c 1000.861 1148 ¢
Platinum, . o . 1000.884 “ 1181«
Steel, . . . . 1001.079 926
Antimony, . 5 . 1001.083 “ 923 «
Iron, . 5 0 o 1001.182 846 ¢
Bismuth, . . . . 1001.392 o1
Gold, . 5 . ! 1001.466 T g8z «
Copper, . s 5 1001.718 ¢ bR «
BrassiSFEEa e 1001.801 “ p3p  «
Silver, o 1001.909 “ g«
W, - o N o b 1001.937 “ Bl «
Lead, . . . . 1002.848 “ 85«
Zine, . . 3 5 1002.942 340 ¢

; The expansion of the more permanent solids is very uniform
within certain limits. Thus their expansion from 32° to 1227
is equal to that between 122° and 212°, but above 212° the
expansion proceeds more rapidly as the temperature rises, and
becomes greater for equal increments of heat. Ten degrees of
heat, therefore, added to any solid above 212°, produce a greater
expansive effect than the same number of degrees added below
212°. The total increase in bulk of any body which has un-
dergone expansion from heat may be ascertained by trebling
the number which expresses its increase in length. - Nearly all
solids, after having been expanded by heat, return exaetly to
their original dimensions when they are allowed to resune their
original temperature. Lead, however, constitutes an apparent
exception; it is so soft that the particles slide over each other
in the act of expansion, and do not return to their former posi-
tion. A lead pipe used for conveying steam permanently length-
ens several inches in a short time, and the leaden lining of sinks
and gutters is soon thrown into ridges from the effect of the hot
water.

104. The Force of Expansion. The expansion of metals
by heat, and their subsequent contraction, are often employed
with great advantage in the Arts, and frequently act as most
efficient mechanical powers. The amount of force which pro-

124. What is the force of expansion equal to? Give illustrations.
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duces these expansions and contractions is enormous, being
equal to the mechanical power required to stretch or compress
the solids in which they take place to the same amount. Oa
heating an iron sphere of 12} inches diameter, from 32° to 212°,
its expansion exerts a force of 60,000 lbs. upon every square
inch of its surface, or 80,000,000 Ibs. upon the whole sphere.
A bar of iron one square inch in section is stretehed 15354 of
its length by a ton weight; the same elongation and an equal
amount of force is exerted by increasing its temperature 16°
F. In a range of temperature from winter to summer of 80%
a wrought iron bar 10 inches long will vary in length %4
of an inch, and will exert a pressure, if its two ends be fastened,
of 50 tons upon the square inch.

105. Illustrations. The immense force of expansion is
elearly proved in many notable instances. Thus, Southwark
Bridge, over the Thames, is eonstructed of iron, and surmounted
by stone, and the arches rise and fall one inch within the usual
range of atmospheric temperature. The Hungerford chain sus-
pension bridge crosses the Thames with a span of 1352 feet in
length; the height of this chain road way varies in the hottest
day in summer, and the coldest in winter, to the extent of eight
inches. The Menai suspension bridge weighs 20,000 tons, and
this is raised and lowered fourteen inehes by the change of tem-
perature between winter and summer. The. Britannia Tubular
bridge, over the Menai Straits, expands and contracts in length
from one to six inches daily. The Victoria bridge at Montreal,
is exposed to great vicissitudes of heat and eold, and it is found
that beams of iron, 200 feet in length, are subject to.a move-
ment of three inches in the elimate of Canada. The Stecple
of Bow Church, in London, has been nearly thrown down by
the expansion of rods of iron built into the mason work. Bun-
ker Hill Monument is sensibly deflected from the perpendicular
by the influence of the sun’s rays, so that its summit describes
an irregular ellipse.

106. The Force of Contraction Equal to that of Expansion.
The force of contraction is equal to that of expansion, and quite
as irresistible. Its immense power was strikingly illustrated
some years sinee in Paris. The two sides of a large build-
ing, the ¢ Conservatoire des Arts et Métiers,” having been
pressed out by the spreading of the arched ceilings and the im-
mense weights supported by the floors, M. Molard undertook to

105. Describe noted cases of expansion produced by heat Southwark bridge. Meuat
bridge. Victoria bridge, &c.——IBS To what is the force of contraction equal?
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remedy the evil by boring holes in the walls at the base of the
vaulted ceilings, and opposite to cach other, through which
strong iron rods were introduced, so as to cross the interior of the
building from one side to the other. On the projecting ends of
the bars on the outside of the building were placed strong iron
plates, which were screwed, by means of nuts, tightly against
the walls, Z%g. 31. The rods were then heated by means of
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Restaratwn of a Building by the Force of Cantractwn

rows of lamps placed under every alternate bar, and being
lengthened by the expansion, the nuts and plates were pushed
-out to the distance of an inch or more beyond the walls. While
in this condition, the nuts were screwed a second time tightly
against the wall. The lamps were then extinguished, and the
rods, contracting as they cooled, drew the walls together with a

Deseribe the restoration ef the building at Paris.

(e
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force almost irresistible, and to a distance as great as that to
which they had been lengthened by expansion. These bars
being then left in their new position, the «lternate bars; which
had remained unheated, and by the contraction of the others
had Leen also made to project beyond the walls, were again
tightly screwed against the building. These were in turn ex-
panded and lengthened by the application of the lighted lamps,
and onee more screwed up tightly against the walls. The
lamps were then extinguished, and by the contraction of the
second set of bars the walls were drawn still further towards
each other. These were then left, in turn, to hold the building
in its new position, and the first set of bars a second time bxou(rht
in'o requisition. And thus the p:ocess was continued until the
walls were drawn into their proper vertical position; and, the
bars being left in their places, they have remained firm and
upright ever since. In this manner a force was exerted which
th: power of man could scareely have applied by any other
means. The same process has since been applied to the resto-
ration of other buildings which were threatening to fall.

107. Applications in the Arts. Advantage is taken of this
force of contraction in many of the Arts. The iron tire of
wheels is always made somewhat swmaller than the wheel. It
is then enlarged by being heated red hot and placed upon the
wheel while still in that condition ; eold water is then thrown on,
contraction ensues, the parts of the wheel are bound together
with great firmness, and the tire so tightly fastened in its place
that nothing can pull it off. 'The tire of the wheels of locomotives
is put on in the same way. The iron hoops of casks are ap-
plied when hot. The great vats of the London Breweries,
some of which are large enough to float a seventy-four gun ship,
and which contain liquid enough to produce a freshet if they
should burst, are confined by enormous iron hoops, weighing
from one to three tons, which are put on while hot. The plates
of iron or copper of which steam boilers are made, are joined

together by rivets which

Fig. 82. are inserted and ham-
“ M mered down while red hot,
= £
= and the joints are thus
=, :

oy
Boiler Plates bound together by Contraction. lndd(' Perf@&ly steam and
rater tight. This is il-

107. State some of the applications of this force in the arts. Explaia the manner in
which boiler plates are made steam-tight. £
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lustrated in F%g. 32. 'The strong iron bands used in the manu-
facture of the Parrott and Armstrong guns are put on and welded
down at a white heat.  Moulds for easting objects in metal must
be made larger than the intended size of the object, in order to
allow for contraction in casting. The moulds for casting can-
non balls must always be made larger than the calibre of the
guns, on account of the contraction and shrinking of the ball in
cooling; it of the same size as the bore, the balls will be tco
small for the gun.

108. Injurious Effects of Expansion. The expansion oc-
casioned by heat often produces injurious effects, which need to
be guarded against. A closely fitting iron gate, which can
readily be opened on a cold day, is held tightly in its place on
a warm day, in consequence of the expansion bo:h of the gate
and the fence. The pitch of a piano rises with the diminution
of the temperature, in con<equence of the contraction of the
strings. Clocks go faster in winter than in summer. Nails
driven into mortar get loose from expanding and contracting
more than the mortar. Not unfrequently carriage wheels are
set fast in conzequence of the expansion of the axles, produced by
the heat of friction; and the pistons of steam engines become
bound too tightly to move, when exposed to excessive heat.
Metallic roofs, whatever be the metal, from their exposure to the
sun, expand and contract enormously, and must be construeted
in such a manner as to admit of a certain amount of motion be-
tween the various parts. The shoes of horses, if nailed on
when too hot, distort the foot by contracting too much as they
cool. The iron rails of railroads will be thrown from position
by the heat of the sun if the ends are permitted to touch.
3,000 feet of rails will expand nearly 3 feet between 0° and
110° Fahrenheit. From Liverpool to Manchester, the rails
are 500 feet longer in summer than in winter.

109. Glass ofiten Fractured by Expansion. The injurious
effects produced by expansion are particularly apparent in the
fracture of glass, especially if thick, upon the sudden applica-
-tion of heat. The outside surface is expanded by the action of
the heat, and it not being permitted to penetrate the interor in
consequence of the poor conducting power of the material, the
external and internal portions are violently torn asunder.

Why must moulds for casting metallic objects be made larger than the desired size?
108. Mention some of the injurious effects of expansion. What is the effect upon clocks?
Upon railroads, &e. ?—109. Describe the effect of sudden expausion on glass.
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When glass is to be exposed fo great extremes of temperature,
it should be made as thin as possible, and in all cases very
gradually heated. ~ When hollow, the heat should be applied upon
the inside at the same moment as upon the outsidé, in order that the
one surface may be expanded to the same degree with the other.
This is the reason why a thick glass tumbler, if immersed in
hot water, will escape cracking, if the hot water reaches the
inside at the same moment with the outside. Thick glass mir-
rors are liable to be fractured by bright gas lights placed too
near them, and plate electrical machines by careless heating
with a lamp in order to dry them.

110. Fracture produced by Sudden Cooling. On the same
principle, glass that has been expanded by the action of a pow-
erful heat, is very liable to crack by the application of sudden
cold. “Ience, the glass roofs of green-houses, and skyligh's,
expanded by the sun, and suddenly contracted externally by
cold showers, while the internal portions are still considerably
expanded, are very likely to be cracked. And for the same
reason, any glass vessel, filled with hot liquid, is very sure to
break if placed upon an iron nail in the floor, or upoa any
metallic support. Consequently, neither glass, nor any other
brittle material of poor condueting power for heat, can bear to
be either heated or cooled suddenly. For this reason glass
ware, when first made, being nearly or quite red hot, if permit-
ted to remain in co'd air, is infallibly shivered, and is therefore
always cooled gradually, or annealed, by being carried at once
to a long hot oven, the temperature of which gradually dimin-
ishes from the front to the rear, through which it is slowly
pushed, until quite cold. All these precautions would be un-
necessary if glass were a good conductor of heat. Advantage
is taken of this property in the manufacture of glass. The
glass-blowers cut out patterns in glass by drawing a cold iron
over it when in a heated state; and the Chemist shapes and
alters his flasks and bottles by drawing over the cold glass a
rod of heated iron. Watch crystals are obtained from globes
of glass, very large and very thin, by anplying to the surface
heated metallic rings. On the same prineip'e, rocks, which are
geaerally poor conductors of heat, may be split by building a fire
along the line of intended fra ture, and then pouring on cold water.
At Seringapatam, in India, rocks eight fret in thickness and
eighty feet in length have been detached by this simple means.

110. Describe the effect produced on glass and rocks by sudden contraction.
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CLOCKS ALTERED.

111. Metallic Instruments injured by Expansion. %The

Gridiron Pendulum.-

metals being expanded much more
for a given increase of heat than
other solids, and very considerably
altered in their dimensions by siight
variations in temperature, delicate
metallic instruments are often seri-
ously deranged by this means. All
measures of length are considerably
lengthened and shortened by the
heat of the atmosphere.

The rate of going of clocks is
much affected by changes of tem-
perature.  If the pendulum be
lengthened, the clock goes slower;
if it be shortened, the clock goes
faster. If the bob of the pendu-
lum be lowered 134 part of an inch,
the clock will lose ten seconds in
twenty-four hours. Now it has
been found that an increase of tem-

° perature to the amount of 30°
F., will lengthen a seconds pen-
dulum ;15 part of an inch, and
cause it to lose eight seconds in
twenty-four hours. Of course the
clock would gain eight seconds
daily, if the temperature should
sink 80° F. This continual vari-
ation in the movement of the
clock destroys its value as an ac-
eurate measurer of time. The diffi-
culty has been remedied by several
contrivances.

112. Compensation Pendulums. In the gridiron pendulum
of Harrison, represented in F%g. 33, the bob is suspended by
a rod 7, from the lowest of the three upper horizontal cross-bars.
This rod passes freely through holes in the two lower cross-bars.
The cross-bar of suspension is supported by a pair of ver.ical rods
of brass, @, which rest upon the upper of the lower cross-bars.

111. What effect is produced upon the rate of time pieces, and upon measures of
length ?2—112. Describe t .e gridivon pendulum of Harrison.
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This cross-bar depends by means of iron rods, e, from the sec-
ond of the upper cross-bars, which in turn is supported by ver-
tical brass rods, ¢, and these again by iron rods, d, from the
upper cross-bar, which is directly attached to the point of sus-
pension, b  When the temperature increases, the iron rods d and
e expand downwards, while at the same time the brass rods, ¢
and @, expand upwards. These expansions in contrary direc-
tions, are so adjusted as to counteract each other, and the bob
of the pendulum is thus maintained at the same distance from
the point of suspension. The process is reversed when the
temperature sinks. This pendulum gained the reward of £20,-
000 offered by the British Government for a pendulum that did
not lose more than a fraction of a second in a year, and would
enable the longitude to be determined within thirty miles.

113. The second mode of obviating the same difficulty is by
using a hollow cylinder of glass for the bob of the pendulum,
and filling it with quicksilver. As the rod of the pendulum
expands downwards, the quicksilver expands upwards, so that
the centre of gravity of the bob is maintained at the same dis-
tance from the point of suspension. A third mode consists in
using compound bars of metal to adjust the point of suspension.
If two metals, as brass and iron, one of which expands much
more than the other, be firmly united throughout their whole
length, and then heated, the brass expanding more than the
iron, will bend the bar into a curve. If it be cooled instead of
heated, the brass contracting more than the iron, will bend the
compound bar in the opposite direction. This is represented in
Fig. 34; the lower bar rep-
resents the compound bar
(the brass being uppermost)
in the state in which it is at
the mean average tempera-
ture ; the second line repre-
sents the same bar, when
beated above this point; the upper line represents it when
cooled below it.

The application to the pendulum i3 represented in Fig. 35.
The point of oscillat’on is formed by two such compound bars,
fastened firmly at one end, and at the other extremity lcft free,
and nearly touching each other, on'y leaving room for the
passage of the delicate spring, by which the pendulum is sus-

113. Describe the compound bar. The compensation pendulum.
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pended, At the mean temperature, the compound bars are
perfectly straight, as represented in the second figure. When
the temperature rises, the pendulum rod is lengthened, and the
ball lowerced ; but at the same time the compound bar is bent

Fig. 35.
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Compensation Pendulum,

downwards, and the point of suspension lowered to the same
amount, so that the distance between the centre of the ball
and the point of oscillation, is the same as before, and the rate
of going is not altered. This is represented in the figure to
the Jeft. When the temperature falls, the rod is shortened, the
ball rises, but the compound bars being then bent upwards, as
is seen n the figure to the right, in consequence of the greater
contraction of the brass, the distance between the point of oscil-
lation and the ball is still the same, and the rate of movement
remains unaltered.

114, Compensation Balance. The compensation balance
wheels of watches are constructed on the same principle. In
warm weather the diameter of the ordinary balance is length-
ened, and its circumference increased; in cold weather it is
shorrened and its circumference diminished. In the compen-
sation balance, %g, 36, the rim of the wheel is divided into
four parts, These parts are made of compound bars of dif-
erent metals, the most expansible being outermost, and hav-

114, Describe the compensation balance, g
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Fig. 36. ing one end fastened to an arm of the
wheel. The other end is loose, and has
a small screw attached near its frec ex-
tremity. When the temperature rises
thie outer metal expanding more than
the inner, curves the end of each quad-
rant more towards the centre and so
counteracts the general expansion of the
wheel.  The reverse takes place when
the temperature sinks, and in this man-
ner an equal motion js secured at all
times. This is an application of immense advantage in the
construction of chronometers, for determining the longitude at
sea. There are many other applications of the same principle,
of nearly equal value to Science and the Arts,

115. The Expansion of Liquids. Liquids expand more for
a given increaso of heat than Solids, The fact of expausion
may be shown by dipping a common thermometer into warm
water, or by heating a larger tube and ball, partially filled with
water, over a lamp: £ig. 37, If the liquid be colored alcohol,

Compensation Balance.

Fig. 7.

Expansion of Liguids.

its rise in the tube is more rapid and more apparent to the eye
than if filled with water. It will speedily rise from ¢ to
from a to . This expancion takes place with so much force
that all closed vessels filled with liquids burst on the applica~
tion of heat.

116. Expansion of different Liguids unequal. The nnequal
expansion of different liquids for an equal inereace of temper-
ature, may be shown by filling two bulbs of the same size, to
the same height, with different liquids, and dipping them into the
same vessel of hot water. If the fluids be alcohol and water, it
will be found that the alcohol will rise in the tube twice as high

115. How does the expansion of liquids compare with that of solids? TIow can the ex-
pansion of liquids be proved ?—116. Low can the unequal expansion of liquids be shown?
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Fig. 38. as the water. If they be olive oil
and water, standing at the same level
at 60° we shall find that when the
water in which they are immersed
boils, and they have been raised to

212° 212°, the one has expanded much
more-than the other; #7g.38. Alco-
hol, on being heated from 32° to 212°,
increases in bulk }; olive oil [;
water Jl;. Twenty gallons of alcohol
measured in January, will become
twenty-one in July.

117. The Expansion of the Li-
quids produced by the Condensation
of Gases. DBy compression, combined
with' great reduction of temperature,
several of the aeriform, or gaseous
forms of matter, may be condenved
into liquids. These liquids differ
from all common liquids in their
enormous expansion on the applica-
tion of heat. In general, the air,
and other gases, expand more from equal increments of heat
than any other substances; but these peculiar liquids exceed
them in this respect, and are the most expansible substances
known. Thus liquid carbonic acid, in being heated from 32°
to 86° F., expands from 20 volumes to 29, which is more than
five times as much as air. Liquid sulphurous acid, and cyano-
gen, expand to nearly the same degree.

118. The Expansion of Gases. Aeriform fluids are greatly
expanded by heat, and much more than either solids or liquids
for the same increase of temperature. With equal increments
of heat, they all expand equally, If, therefore, the ratio of
expansion for one gas, as oxygen, be known, then the ratio for
common air and for all the other gases will be known also.
The rate of expansion for all gases has been found to be abont
135 of the volume which the. gas possessed at 82°, for every
degree of Fahrenheit’s thermometer. This caleulation is based
upon the experiments of Gay Lussac, who found that 1000
cubic inches of atmospheric air, raised from the freezing point,

212

Unequal Expansion of Liquids.

117 What peculiarity is possessed by the liquids formed by the condensed gases 7—118,
‘How can the expansion of guses be shown? What is the rate of expansion of all gased
for one degree F.?
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82° T, to the boiling point, 212°, were expanded so as to make
1375 cubie inches. It follows, therefore, that one cubic inch of
atmospheric air at 32°, will, if raised to 212°, or heated by 180°,
be expanded to 1.375 cubic inches, and for every additional 180°
of temperature it will receiv a like increase of volume. The
ratio of expansion being 334 for 1°, if any volume of air at 32°
be raised to the temperature of 32°4-490°=522°, it will expand
to twice its volume; and if it be raised to a temperature of
32°4-(2°X 490°,) =1012°, it will be expanded to three times its
volume, and so on. Later experiments have slightly altered
this ratio, and show that the different gases do not all expand
to exactly the same degree for equal increments of heat; the
inequality may, however, be disregarded for all practical pur-
poses. In general, the gases and vapors all dilate equally and
to the same degree as atmospheric air.

119. Expansion of Air. The fact of the expansion of air
may readily be shown by filling an India Rubber bag with air,
closing it tightly, and holding it near the fire. As the air ex-
pands the bag will become more and more tense, and finally
burst with a loul report. A
more elegant experiment is, to
take a glass tube, terminated Ly
a bulb, and put in so much water
as to about half fill the tube, and
then, having immersed it in a ves-
sel of water, as represented in
Fig. 39, apply the heat of a lamp
to the bulb. =~ As the heat rarefies
the air in the bulb, the water will
be forced down the tube, but will

Expansion of Air. slowly rise again to its former

level by the pressure of the at-

mosphere on the fluid, when the lamp is removed, and the air
in the ball allowed to contract.

120. The expansion of Air of great practxcal utxllty.'—The
Draught of Chimneys. The great increase in the bulk of air,
produced by heat, diminishes its density and renders it specifi--
cally lighter, i. e, lighter than an equal bulk of air at a lower tem-
perature. The consequence is that the heated air being thus
made less dense tends to rise, just as a eork does in water, or a

119 Ilow may the expansion of air be shown ?—120. Why is the expansion of air of
great practical importance?

W



94 DRAUGUT OF CHIMNEYS. .
balloon in the air; this creates a rush of air from every side to
supply its place, and in this manner powerful currents are pro-
duced, and a general circulation kept up in the atmosphere,
which is of the greatest practical utility, and one of the most
beneficent arrangements in Nature. Itis by the inequality in the
weight of the column of air ¢ D, within the chimney, compared
with the weight of a column of cold air A B, on the outside, of
equal base and height, that the rush of cold air into the chimney
from below, in order to restore the equilibrium, is produced,
R i which creates the draught; Fig.
‘Fig. 40. 40. This inequality is produced

S AT by the diminution in the density

of heated air consequent upon
its increase in bulk; see Fig.
12. 1Tt is upon this expansion
produced by heat, therefore, that
the draught of chimneys depends;
a continued stream of fresh air
is supplied to the fire, and the
injurious products of combustion
are removed, and without it, all
processes of illumination and
combustion, such as fires, lamps,
and candles, would cease, or be
N maintained only by a costly and

L MU complicated machinery. Ever

e, N \
.s(«'g NN
7 7))/ six tons of coal consumed, re-

The Draught of Chimneys, quires at least seventy-two tons

of air to produce perfect com-

bustion, i. e., twelve times as much air by weight is required,
as coal. Now the whole of this quantity, if it were not for this
extremely curious provision of Nature, would have to be sup-
plicd artificially ; and it can readily be seen what a check this
would place upon many of the arts essential to the comfort of man.
Upon the same diminution in density depend all processes of ven-
tilat’on, and all the atmospheric currents, such as the Trade
winds, by which the commerce of the earth is wafted on its way,
and the land and sea breezes, by which the leat of tropical cli-
mates is mitigated. At the equator, the hot air, rising in a
steady stream, flows off, after it has reached a certain height in

Explain the currents which it produces in the atmosphere. What has this to do with
ventilation? The burning of lamps. and fires? Show how the draught of chimneysis
produced. What saving does this etfect in fuel? -~
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the atmosphere, both to the north and to the south, and this
necessitates a steady, current near the surface of the earth,
from the north and the south, towards the equator. In our own
climate, in summer, the hot air over the earth rising in the day
time, produces: a flow of cold air from the sea, and at night the
process being reversed, and the warm
Fig. 41. air over the sea rising, produces a cur-
rent of cold air from the land. - In this
way the extremes of eclimate are
moderated, and the heat of the globe
more equally distributed, the purity
of the atmosphere is preserved, and
many processes absolutely essential
to the welfare and civilization of man
proceed with undeviating regularity.
121. Exception to thc general
law of Expansion by Heat.—Water
at certain temperatures contracts
from Heat, and expands from Cold.
Itis a striking fact, and a most con-
clusive proof of design in the consti-
tution of Nature, that water, at certain
temperatures, does not obey the usual
law of expansion from heat, and con-
traction from cold. Between 32° and
40°, if water be heated, it contracts ;
if it be cooled, it expands. If] there-
fore, water, at the temperature of 60°,
be cooled, it will contract until it reach-
es 40°; and then, if it be cooled to a
lower degree than this, it will begin to
expand. At 40°, therefore, water is
said to possess its maximum density,
because if it be heatedabove, or cooled
! below this point, it becomes less
m ; dense. To show this, fill a flask with
Expansion of Water in cool- o
ing from 400 to 820. water at a temperature of 60°, and
adapt to it a eork, through which
passes a glass tube of small bore, Fig. 41, and a thermometer.
Insert the cork and tube, and fill the tube with water to the height

ML,

What is the connection between the expansion of the air and land and sea breezes?
What effect has this on climate and the purity of the air -—121. Describe the exception
presented by water to the general law of expansion by heat. At what temperature
does water begin to expand by cold? How can this be proved? Describe Fig 41.
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of two or three inches above the flask. Then immerse the flask
in a freezing mixture of salt and ice at 0°.  The water will im-
mediately begin to contract and sink in the tube.  But presently
this wiil cease, and it will begin to rise again, showing expansion.
The volume of the water has, therefore, first been-diminished by
the reduction of temperature, and then, secondly,increased. The
thermometer shows that this increase begins to take place at 40°,
and by the time its temperature has sunk to 32°, the water will
have risen in the tube a considerable distance above its original
position, and acquired the same bulk as it would have done if
heated to 48° so that it expands just as much in cooling 8° be-
low 40°, as it does in being heated 8° above that point. It has
been ascertained by experiment that the expansion of water
continues even below 82°, for if kept perfectly quiet and undis-
turbed, water may be cooled as low as 12° without freezing,
anl it was expanded as much in some of the experiments by
cooling, as it would have been, if heated to 75°.

122, . Important results of this exception to a general Law
of Nature. The most important effects result from this remark-
able peculiarity of water. 1f water became steadily heavier as
it cooled, and its density continued to increase until it froze, as
is the case with merecury, ice would be heavier than water, and
as soon as formed, would subside to the bottom in successive
portions, until the whole of the water, however deep, had be-
come solid. It is quite evident, that under these circumstances,
in the autumn, and early winter, the water of lakes and rivers
gradually imparting its heat to the atmosphere, would soon
reach a uniform temperature of 32° throughout the whole mass,
be converted into one solid body of ice, and occupy a very long
time in resuming the liquid form in the spring. According to
the present arrangement the instant that any portion becomes
colder than 40°, in consequence of the diminution of its specific
gravity by expansion, it rises to the top and collects upon the
surface; and as water parts with its heat very slowly, for
reasons hereafter to be explained, the upper portions may sink
as low as 32° while the great mass below is at the tempera-
ture of 40°. Consequently, during the whole of a long winter,
while the upper portions of water are at 32°, or actually fx'oz'ex},
the lower rarely sink below 40°,and the greater part escapessgh(lx-
fication altogether. At the instant of freezing, a great additional
expansion takes place, in consequence of which the specific gravity

122. What impoertant consequences result from this peculiar constitution of water?
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of ice becomes considerably less than that of the cold water at
32°, from which it is formed, and it floats upon the surface ; thus
the ice is kept where it can be most readily reached by the
sun’s rays, and the process of melting in the spring be casily
accomplished. In general, therefore, however cold the weather,
and however thick the ice which is formed, the great body of
water never sinks below the temperature of 40°, too hizh to
freeze, and thus the greater part of the water of scas and riv-
ers even in the Arctic zone escapes solidification.

123. This peculiar constitution of Water proved by ex-
periment. This peculiar constitution of water can be readily
shown by a very simple experiment, I7g. 42. Let the tall glass

Warm Water Collecting at Bottom of Lakes in Winter,

vessel, 1, be piereed so as to admit of the insertion of two ther-
mometers, one near the top, the other near the bottom. Just
beneath the upper thermometer a brass cup is fitted around the
glass vessel, and filled with broken ice at the temperature of
32°. Water at 60° is then poured into the glass jar, and both-
thermometers of course stand at the same point, viz., 60°.  The
effect of the melting ice is, to cool the water in the upper part
of the vessel, and its density being thereby inereased, it sinks
to the bottom, while the warm water collects at the top. At
the expiration of a few moments the apparatus will be in the con-
dition indicated in vessel 2; the lower thermometer will have sunk
to 45°, the upper one wili be at 50°or 55°. This process will
go on until the lower thermometer has sunk to 40° F. The

‘123 IIow can the collection of warm water at the bottom of lakes be proved? De-
scribe the expe-iment with toe three jars,
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upper thermometer will then b-gin to sink, and soon stand also
at 40°.  Instead of remaining stationary, however, at this point,
it will descend until it reaches 32°, and at the end of half an hour
the apparatus will be in the condition indicated in vessel 3, i. e.,
the warmer water of 40° will be at the bottom, the colder water:
of 32° will be at the top. This represents the condition of a:
lake in winter, cooled by the contact of the cold atmosphere on
its upper surface, and it is explained on the principle mentioned
above. .

124. Water expands in freezing. At the moment of con-
gelation water also undergoes a still farther expansion; and
this takes place with irresistible power, so that the vessels in
which it is confined, if they be full, are infallibly broken. This
is the cause of the bursting of water pipes at the approach of
winter. This expansion is supposed to be due to the crystalli-
zation of the water as it freezes, and to the fact that the
crystals which are formed do not lie side by side, closely
packed together, but cross each other at angles of 60° and
120°,thus leaving large interstices. The water, therefore, neces-
sarily occupies more space than it did before. The expansion of
water in cooling and freezing is well shown in Fig. 43. A glass
flask 1s filled with water, and a cork insert-
ed, through which passes a tube, open at
both ends. The water rises into this tube
some distance, and this po'nt is marked
upon the scale. A thermometer is alo
passed through the cork for the purpose of
indicating the temperature of the water.
“"The whole apparatus is then immersed in a°
Jjar containing a mixture of ice and salt,
at temperature of 0°. The first effect is
the rising of the water in the tube, pro-
duced by the contraction of the glass flask
in consequence of the cold of the mixture.
This, however, i3 only momentary. The
next effect is the rapid falling of the water:
in the tube, which goes on until the ther-
mometer sinks to 40°. It then Legins to

‘E”"‘”iiﬁ?e;?,f,,é‘f’_‘"” " rise steadly, and continues to do so until

congelation takes place, when there is a
sudden and very great expansion, and the flask is generally

124. What effect has freezing upon the bulk of water? Describe Fig. 43 Show the
greas force with which this expansion takes place.
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broken. The force with which this expansion takes place i3
very great, and cannon filled with water and plugged at the
muzzle, may readily be burst.  In 1784-5 Major Williams, at
Quebee, made some experiments upon this subject, ia- one of”
which an iron plug three pounds in we’ght, was projected f-om
a bomb-shell to the distance of 415 feet, and shells one and a’
half, and two inches in thickness were burst, by the freeziny of.
the water. The Florentine Academicians burst a hellow brass
g'obe, having a cavity of only an ineh, by freezing the water
with which it was filled ; and it has been estimated that the ex-
pan ive power in this case was equal to 27,720 pound:.

125. Illustrations.—Mountains braken down. It is t}us
expansion of water in congealing that makes the freezing of"
vegetables and fruits, in the early winter, de-tructive to their
organization. The hrmer makes use of this force to break up
the land, by heaping it in ridges in the autumn, and exposing, there-
fore, a large surface to the action of the frost. The water, in
freezing, separates the particles of' the soil, and when melting
takes place in the spring, the whole settles down into a fine and
comparatively dry powder, very favorable to early vegetation.
Nature mukes use of this force upon a large secale, to break
down and grind up in'o fragments the cliffs and mountains, and
thus to modify very materially the face of the edarth. The
water running into cracks and fis ures in the rocks, freezes in
the winter, and by its expansion breaks off large masses, which
for the time are held in their places by the strong cohesive
power of the ice; but on the approach of spiing this melts, and
the mass is precipitated into the valley below. In the same
manner, vast masses of earth are loosened from the smooth sur-
faces of mountains, and slids down, in the spring, into the val-
leys. Hardly any other agency in nature has so much eflect
as this in altering the face of the earth. This force also ope-
rates powerfully in overthrowing and deranging the works of
man.  Railroads are thrown out of level by the expansion of
the frozen ground beneath them; fences are raized out of line;
buildings are elevated in the air; the wal's of cellars are driven
inwards. The:e effects are especially exhibited in stiff c'ay
soils, on aceount of the adhiesiveness of the clay, and the great,
amount of water which it contans. The posts of fences raised
from their beds by the expansion of the frost, do not return to
it when this frost melts in the spring, and the fence is perma-

- 125. Give illustratious of the operation of this force in Nature.
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nently deranged. A single stone projecting into the clay on the
outside of the cellar of a building, it within reach of the frost,
wiil give to the heaving earth a lever by which the heaviest
building may be raised from its foundation. For the same
reason banks of clay thrown up against the underpinning of
houses are very apt to push them in and undermine the build-
ing.

c:I.2<$. Other substances beside water expand as they solidi-
fy. Water is not the only liquid which expands as it solidifies.
The same effect has been observed in a few others, which as-
sume a highly crystalline structure on becoming solid. Melted
antimony, bismuth, iron and zinc, are examples of it. Mercury
is a remarkable instance of the reverse, for when it freezes it
suffers a very great contraction. It is on account of this prop-
erty that fine castings can be made from iron. The metal, as it
cools and solidifies, expands so as to be forced into the most
delicate lines of the mould. Antimony possesses this property
in a high degree, and for this reason is mixed with tin and lead
to form type metal and give the mixture the property of ex-
panding into the moulds in which the types are cast. It is
because gold and silver do not pos: ess this property, but on the
contrary shrink greatly as they cool in moulds,
that coins can not be made by casting, but re-
quire to be stamped.

127. Expansion used as a measure of
Temperature.—The Thermometer. One of
the most interesting applications of the law of
expansion by heat, and contraction by cold, is
the thermometer. This is an instrument in-
tended to indicate and to measure changes in
temperafure, and has received its name from
two Greek words signifying the measure of
heat—0eguds and pérgov. It is founded on
the prineiple that the expansion of matter is
proportional to the augmentation of temper-
ature, and -is designed to measure the varia-
tions of heat and cold. The first attempt to
measure such variations on this principle was
made by Sanetorius, an Italian physician, in
the seventeenth century. As originally con-

Thermometer of
Sanctorius.

126. What other substances besides water expand as they solidify? What practical
applications are made of this in the casting of wetals?—127. What is the thermon.eter?
What is the principle on which it depends? Who invented the instrument? Describe
the first form of it. . ~
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structed it was a rude instrument, and it has reached its precent
state of perfection only by degrees, and after succes-ive improve-
ments by some of the most distingui-hed philosophers. These
labors have been directed towards the impirovement of its form,
the selection of a good thermometric fluid, and the arrangement
of the scales, by which the rise and fall of this fluid are indi-
cated. The thermometer of Sanctorius is represented in Fig.
44. He employed a glass tube blown into a ball at one extrems
ity, and open at the other. After
expelling a small part of the air by
Leating the ball, the open end was
plunged into a vessel of ecolored li-
quid, and as the air in the ball cooled,
this colored liquid ascended the tube.
Any variation of temperature, by ex-
panding or contracting thé air in the
ball, would then cause the liquid in
the tube to rise or fall, thus forming
an imperfect air thermometer.

128. Air Thermometer. A bet-
ter construction for an air thermome-
ter is represented in Fig. 45. It
consists of a glass flask, with a bat-
tom flattened so as to stand firmly
upright, containing a small quantity
of alcahol, tinged red by cochineal,
and stopped closely by a cork, or by
a stopper of brass, screwed tightly ta
a ring of the same metal cemented to
the neck of the flask. Through this
stopper is passed a tube of one-eighth
inch bore, and a yard in Jength, apen
at both ends, This tube is cemented
tightly into the stopper, and dips into
the liquid. A scale of wood or metal,
divided into equal parts, is attached
to the tube by fine wire. There is,
‘ therefore, a- quantity of air confined
Air Taermometer. within the flask which can not escape,

and when this expands by the ap-

128 Describe a second form of the air thermometer. What ave the defects of such
thermometers? ; § -
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plication of heat, the colored alcohol is forced up the tube;
Thus the height of the fluid will ind cate the expansion of the
air, and consequently, the degree of heat to which the instru-
ment is exposed. ‘There are, however, two objections to tle
employment of air for this purpose, Its expansions and con-
tractions are so great, even from small changes of temperature,
that a tube several feet in length would be required to measure.
them; and as the tube is necessarily open to the air, the con-
t'nual variation in the pressure of the atmosphere elevates, and
depresses the colored liquid without any reference to the varia-
tions in temperature ; and thus the instrument is converted into
a rude barometer, and made a measure of the pressure of the
atmosphere, as well as of temperature. It is, however, an ex-
ce~dingly useful instrument in the laboratory for experiments
on heat, to detect on the spot and make plainly manifest to the
eye, sudden variations in temperature and small degrees of heat.

129. The Diferential Thermometer. For the above rea-
sons the air thermometer, for common purposes, is both incon-
venient and inaccurate, and therefore has long sinee been laid
aside. There i3, however, a modification of this instrument,
invented by Mr. Leslie, and called the differential thermometer,
which, for certain purposes, is a very elegant and useful instra-
ment, A drawing of this instrument is represented in Fig. 46,
and it is designed, as its name imports, to show the difference
of temperature between two places at short
distances from each other. It consists of a
glass tube terminated at each end by a bulb,
and bent as shown in the figure. The tube
is partly filled with some colored fluid, as
sulphuric acid tinged with carmine, or alco-
hol co'ored by cochineal, the bulbs and other
parts of the tube being filled with air. It
1s obvious, from the construction of this in-
strument, that it can not indicate the tem-
perature of the atmosphere, since an equal
expansion of the air in both bulbs would
press equally on the fluid in both arms of
the tube, and consequently it would rire in

3 tic " . .
DW;:,,ZL,TM neither. But if one bulb be exposed to a

higher temperature than the other, then, the
expansion of air in this will be greater than in the other, and-

'129. Describe Leslie's differential thermometer. What is its most important use? .
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consequently the fluid will move toward the bulb in which the
air is least expanded, The use of this thermometer consists in
showing the difference of teimperature to which the bulbs are
exposed, as in the experiments on the radiation of heat, already
described. The scale affixed to one of the arms is divided into
100 degrees, and indicates the amount of expansion.. The arms
are six inches long, ‘and the bulbs an inch, or a little more, in
diameter. It is of special advantage in detecting the amount of
heat which proceeds from any given source, such as that which is
transmitted through rock salt, in experiments on diathermancy,
without danger of part of the effect being due to some extrancous
souree, as for instance the heat of a neighboring fire or lamp.
This extrancous heat, though it would affect a common ther-
mometer, exerts no influence upon the differential thermometer,
so that wha'ever effect is produced upon it, is due exclusively to
the particular source of heat which 13 employved.

130. Thae Mercurial Thermometer, Aecriform fluids being
inapplicable to the construction of thermometers for the purpo-e
of measuring the varying temperature of places and things, on
account of their great expansibility, it is necessary to make use
of solids or liquids. Solid bodies, however, are equally unfit-
ted for this purpose, from an opposite property, their slight ex-
pansibility, it being so small as not to be appreciable without
the adaptation of complicated machinery, A perfeet substance
for this purpose would be a fluid, which would expand uni-
formly with equal jncrements of heat, and neither freeze
nor boil at any temperatare to which it might be exposed.
Mercury approaches nearer to these conditions than any other
substance, and therefore, this is the fluid now almost universally
employed. Its boiling point is 662°, and its freezing point-40°,
which enables it to measure a very wide range of temperature;
and it possesses also this singular advantage, that though it ex-
pmds more for an equal increment of heat at a high than a low
temperature, this additional expausion is corrected by the in-
creased capacity of the glass bulb and tube which contain it, so
that the indications of the instrument are very nearly correct
for all temperatures between freezing and boiling water; for
higher temperatures the compensation is not so exact, The
total expansion of mereury for three progressive intervals
of 180° F. is, between 32° and 212°, 1 part in 55.08 5 between

.ﬂ 1'?10; Describe the mercurial thermometer. Why is mercury a good thermometric
uid? . g
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212° and 392°, 1 in 54.61 ; between 892° and 572°, 1 in 54.01.
The temperature of 572° F., as measured by an air-thermome-
ter, if measured by the expansion of mercury, in an ordinary
thermometer, would be indicated as 586°, showing that the
expansion of the mercury increases as the temperature ri es.

131. Construction of the Thermometer. The blowing of
an accurate thermometer-tube and bulb requires much experi-
ence, is performed only by skillful artists, and is the most diffi-
cult part of the construction of the instrument. The delicacy
of a thermometer depends upon the fineness of the bore of the
tube, and the large size of the bulb. The bore must also be
of equal calibre throughout; this is determined by iniroducing
a small portion of mercury, and then ascertaining by means of
a pair of dividers if it occupies the same space in all portions
of the tube. The bore Leing extremely fine, the mercury can
on'y be introduced by heating the bulb, expelling a portion of
the air within it, and then inverting the open end of the tube
into a vessel of the liquid metal. As the air within contracts
by cooling, the pressure of the external atmosphere forces the
mereury to enter the tube in order to supply its place. The
Jbulb, and about one-third of the tube having ¢hus been filled, a
spirit lamp is applied to the bulb, until the mercury has been
made to boil, and driven to the extreme upper end of the tube.
By this process the air and moisture mixed with the mercury
are completely expelled. At this instant, before the lamp is
withdrawn, and while the mercury still completely fills the stem,
the flame of the blow-pipe is darted-across the end of the tube,
and it is immediately melted up, or hermetically sealed. When
the lamp is removed the mercury contraets to its former dimen-
sions, leaving a vacuum between itself and the extremity of the
tube. Consequently there is no aeriform fluid to be compressed
by the mercury as it expands, and by its reaction keep the level
of the liquid below the point it should properly reach. For
this reason, in a properly constructed thermometer, if the tube
be inverted, the mereury will freely run to the extremity of
the instrument, there being no air within the tube to impede
its motion.

Having sealed the end of the tube, the next step in the eon-
struction of the thermometer i3 its graduation. This is done
by marking two fixed and invariable points on the stem,

. 131. Describe the construction of the thermometer. Ilow is the air expelled? What
are the fixed points of the scale? .
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which indicate the same temperatures in every thermometer, and
then making a scale of equal divisions between these two points.
These are the freczing and boiling points of water which, under
the same circumstances, always indicate eonstant temperatures.
The freezing point is found by immersiag the bulb of the ther-
mometer in melting snow or ice, for it has been ascertained that
the temperature of’ water flowing from melting snow or ice is
everywhere the same, whatever may be the heat of the atmos-
phere where the experiment is made. The boiling point is slightly
affected by a variation in the pressure of the atmo:phere; but
the thermometer will be sufficiently accurate for all ordinary
purposes, when this point i3 ascertained by immersing the buib
in pure boiling water, open to the air, and at the level of the sea,
during pleasant weather. The freezing and boiling points are
marked, with a diamond or file, on the tube, and a scale is at-
tached, upon which the degrees are clearly marked. The inter-
val between these points is differently divided in different coun-
tries. In England and the United States, the division generally
adopted is that of I'ahrenheit.

132, Fahreaheit’s Scale. Fahrenheit was a philosophical
instrument maker of Amsterdam, who constructed thermome-
ters in so adm'rable a manner that they soon spread all over
Europe. On his scale the freezing point of water was marked
at 32°, and the boiling point at 212°. The interval between
these two points was then accurately divided in‘o 180 equal
parts, called degrees, which are continued below 32° to 0°, and
above 212° as high as 662°, or the boiling point of mercury, if
need require. The secale is often carried much lower than 0°,
and in this case the degrées always have the prefix — minus,
to indicate this fact. Thus — 40° indicates a temperature 40°
below 0°.  The scale, therefore, really commences at 32° helow
the freezing point of water, this being the point at which the 0°
i3 placed ; the freezing point of water is placed at 32°, and the
boiling point of w er at 212° and when a higher or lower
tempemture is to be measured, the scale of equal parts, as has
been stated, is continued bey ond these points. It has been
thought th'\,t Falrenheit took the zer 0, or commencement of his
scale from thé degree of cold produced by mixing snow and
common salt, that bunfr the greatest degree of cold known in
his time. The zero was, howuu‘, in realny, taken from the
greatest cold observedin Iccland, and the principle which dictated

132. Describe Fahrenheit's scale. : . ¢
5*
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the pecul’ar division of the scale was the following.  When the
instrument stood at the greatest cold of Iceland, or at 0° it was

Fig. 47.

Mercurial Ther-
N mometer.

computed to contain 11,124 equal parts of mer-
cury, which, when plunged in melting snow, or
freezing water, expanded to 11,156 parts; lience
the intermediate space was divided into 82 equal
portions, and 32° was taken as the freezing point
of water. When the thermometer was plunged
into boiling water the mercury was expanded to
11,336 parts, and therefore 212° was matked as
boiling point. Though the principle on which
this scale is founded is not reliable, yet it pos-
sesses in practice decided advantages over every
other on acconnt of its extensive range and the
lowness of its 0°, which ordinarily dispenses with
the necessity for using negative degrees, and also
on account of the smallness of its degrees which
makes the use of fractions unnecessary.

133. Other Thermometric Scales. Besides
the scale of FFalrenheit, in which the distance
between the freezing and boiling points is divided
into- 180 equal parts, there are in use in France and

- on the Continent in general, two other scales, the

Centigrade and Reaumur’s. In the former, the
distance between the freezing and boiling points
is divided into 100 equal parts, the 0° being placed
at the former; and 100° at the latter. In Reau-
mur’s scale, 0° is placed opposite to the freezing
point, and 80° oppoSite to the Loiling point.
Consequently, 212° F. correspond to 100° C. and
to 80° R., and 32° F. correspond to-0° C. and 0°
R. Inorder to compare the e scales together it
is necessary to resort to calculation. The first
thing -to be done is to establish the ratio of the
seales; and as the number of degrees between
the freezing and boiling points of water in the
three scales are 180, 100, and 80, the scales con-
sequently bear these proportions to each other,

which by reduction to their lowest terms become 9, 5, and 4.
Consequently the Centigrade and Reaumur degrees are larger

- 153. Deseribe- the Centigrade seale: That  of Reaumur Reduce 1400 Fahrenheit to
Centigrade. Reduee 1400 K. to Reaumur. > ; =4

..
-
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than those of Fahrenheit, 5° of C. and 4° of R. being equal to
9° of F. 1If, then, it be required to reduce 140° F. to the Cen-
tigrade scale, we first subtract 32° from 140°, because the two

scales do not start at the same point, but the Centlrrrade begins
at a temperature 32° higher than Fahrenheit; this gives us
108°. Then, as the scale F is to the scale C as 180 is to 100,
we establish this proportion: 180:100::108 : 2, 0r 9:5::108: 5
reducing, we have 128X5—g or 538—=g, x=00°f the Centi-
grade scale. Consequently 140° Fahrenheit are equal to 60°
of the Centigrade scale, To reduce 140° F. to Reaumur, we
first subtract 32° as before, and then establish the proportion
180:80::108:2, or 9:4::108:2; reducing, we have 108Xt
=, or +32=x; r=48° Reaumur. Consequently, 140° Fah-
renheit are equal to 48° of the scale of Reaumur. In re-
ducing Centigrade and Reaumur to Fahrenhéit, we reverse the
process and add 32° to the answer, instead of subtracting it, for
the reason already explained. Thus, to reduce 60° Centhado
to Fahrenheit, we have 100:180 : 60 x,0or 5:9::60:2; reduc-

ing, we have "Of‘“’—x or 530—=x; r=108° F.; adding 32° we

obtain 60° C.=140° F. To reduce 48° Reaumur to Fahren-
heit, we have 80:180::48:z, or 4:9::48:x; reducing, we
have £8X2—z, or 432—x; x=108° F.: adding 32° we obtain
48° R.,,=140° F. The following formulae, express the steps
of these calculations very clearly :

(F—32) x5
Fahrenheit to Centigmde,———g- =Cs :
9 { 4 ,‘
Centigrade to Fahrenheit, +32=F.
(F——32)><4 S e
Fahrenheit to Reaumur, 9 =R. Qs NIy

L,

N

R A tf / ()
Reaumur to Fahrenheit, —4—'+32=F' {

Sometimes thermometers have two scales attached to the
same stem, as in F%g. 47, where Fahrenheit’s scale is placed on
the right hand, and the Centmrade on the left. With such an
armnﬂement there is no necessity for any caleulation. T his
arrangement is still further improved by graduating the gla s
tube itself with one of the scales, and pl'u.mc the ot,her two
upon the sides.

Ilow are Centigrade and Reanmur reduced to Fahrenheit? Explain the principle of
these zl‘]eductlons Saow how reduction may be obviated by thermometer with two scales,
or with three
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134. Different Forms of the Thermometer. Tle ther-
mometer is arranged in many different forms, but in all, the
principle is the same. For u:e in the laboratory it is specially

advantageous to avo.d the employment of

Fig. 48. wooden, ivory, or metallic sca'es, on account
of their liability to corrosion from gases and

;\ liquids. The best chemical thermometers are

g Y therefore constructed with scales cut upon the
il | |2z glass, as in Flg. 48, which represents two

thermometers gradunated on the tube, and
with bulbs elongated in order to render the
B mercury more suseeptible to variations of
_ k temperature.
3 E 135. Register Thermometers. Several
methods have been devised to make ther-
E mometers mark temperature in such a man-
a ner as to leave permanent indications of the
3 highest and lowest points which the mereury,
has attained since the last observation. Thus,
21 in attempting to find the temperature of the
E deep ocean by the eommon thermometer, it is
easy to see that the object would be defeated by
the inerease in the temperature of the water as
; the instrument is drawn toward the surface. 1If,
ok 132 however, a mark could be left at the point
where the mercury stood when it was at the
greatest depth, then the object in question
o>  would be attained, and this 1s what the self-
registering thermometer performs. It also
indicates the highest and lowest temperatures
whieh may be reached during the day or
night, in the absence of the observer. One
| of the simplest and most efficient forms of this
Chemical Thermome- 3, <trament, was invented by Rutherford, and
bears his name. It is represented in Fig. 49,
and consists of two thermometers, with their bulbs bent at right
angles to the stem, and placed in an inverted position in refer-
enee to each other. The uppér one is filled with mercury, the
" Jower with alcohol. In the former a small piece of steel isin-
trodueed, whieh is pushed forward by the expansion of the

134. Deseribe different forms of the thermometer.—135. Describe Rutherford’s Regis-
ter thermometer. !

Y
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mercury, and left when it again contracts.. The lower side of
the steel indicates, therefore, the highest point which the mer-

Fig. 49.
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Rutherford's Register Thermometer.

cury has reached during the absence of the observer. In the
latter, there is inserted a small bit of glass, which floats in the
alcohol, and is carried down by it, when it contracts. When it
expands again, the bit of glass is not pushed forward, but is left
at the point at which the alcohol remained stationary. Thus
the upper end of the bit of glass indicates the lowest point to
which the thermometer has sunk during the absence of the ob-
server. It is evident that the instrument needs to be adjusted
before it can give these indications a second time. This is ac-
complished by inclining it upon the end towards the left and
gently tapping the instrument. The steel descends to the level
of the mercury, and the piece of glass flows down to the end of
the alcoholic column. The thermometer is then adjusted and
fitted to make a second registration.

136. Metallic Thermometers. When it is desired to meas-
ure temperatures lower than the degree at which mercury
freezes, i. e.—40°, it is necessary to use thermometers filled
with alcohol, a liquid which has never yet been solidified.
On the other hand, when it is desired to measure temperatures
higher than the degree at which mercury is converted into a
vapor, we must employ thermometers made of metal. Metallic
thermometers” depend upon the expansion and contraction of
solids, multiplied by means of machinery and accurately meas-
ured by a graduated scale. In Fig. 50, there is a representa-
tion of Brézuet’s motallic thermometer. It consists of a strip of
metal, composed of slips of platinum, gold and silver, which, after
being soldered together, are rolled into a thin ribbon, which is then

136. Why are metallic thermometers useful? Duscribe Dreguet’s metallio thermometer
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formed into a spiral or helix.
The silver, which is the most
expansible of these three
metals, is placed upon the
outside of the helix; the pla-
tinum on the inside, and the
gold between the two. One
end of the spiral is fixed, the
other is connected with an
index, and graduated eircle.
As the temperature rises, the
silver expandng the most,
twists the spiral and causes
i i the index to move from left
Breguet’s Motallic Thermometer. toright. 'When the tempera-
ture falls, the spiral turns in
the opposite direction. Tt is an exceeding'y delicate and beauti-
ful instrument. There are others constructed upon the same
plan, but arranged in a more compact and convenient form.
~ 137. Pyrometers. This name is given to instruments in-
tended to measure high degrees of temperature, such as the
heat of furnaces and kilns. The most celebrated is the one
invented by Prof. Daniell,depending for its act'on upon the
expansion of a rod of platinum. The amount of the expansioti
is measured by nicely adjusted scales. Platinum is infusible at
most artificial temperatures, and is therefore well fitted to test
the heat of the hottést furnaces. Wedgewood’s pyrometer de-
pends upon the contraction of bits of clay, by heat, in conce-
quence of the loss of water, which they suffer when placed in
a very hot furnace. The amount of this contraction is meas-
ured by a scale, and thus it affords a tolerably accurate measure
of temperature. By means of Daniell’s pyrometer it has been
ascertained that red heat takes place at about 980° F.; silver
melts at 1 873°; cast iron, 2 786°; gold, 2016°; and that the
highest heat of a wind furnace is about 3 280°.

Experiments:—Effects of Heat: Expansion.

1. Exvansion of Solids. That solids expand from heat may be shown by fitting
a brass rod, provided with a wooden handle, into an iron plate. cut fo as just to receive
jt. Ieat the rod and it will no longer enter this cavity. Cool it by immersion in a fieez-
ing mixture, and it will enter it much more easily taan it did at first.

2. Heat any metallic ball, and it will no longer pass through a hole in a plate of cop-

_ 137. What are pyrometers? Describe Daniell’s pyrometer. = Describe Wedgewood's.
Meution somie of the temperatures determined by the pyrometer. b
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“per or a ring. through which, when cold, it easily passed. Allow it to cool and it recov-
ers its original dimensions.

3. To show thai dilferent metals expand unequally for the same additions of heat, ex-
pose rods of different metals to the same source of heat, i. e., the same lump for an equal
length of time, and wieasure the exparsion by the moving of an index over a graduatel
arc ol a circle, as in the ordinary pyrometer: the expansion will be different in each case.

4. Rivet together along their whole length, two strips of brass ail zice, and throw tie
compound strip into a vessel of boiling water. 1t will be curved by the greater expan-
sion of the more expansible metal, the zinc.

9. Throw the same compound strip into a freezing mixture of ice and snow, or ice
water, and it will be bent in the opposite direction, by the greater contraction of tue
Bame metal

6. That solids expanded by heat return to their original dimensions when permitt 1
to resume toeir forier temperature is shown by experimment 2, with ball and ring; aiso
by suspending a 56 ib. weigit by an iron wire from the ceiling in such a way as to just
clear a block placed under the weight; then tie upon the wire, at intervals of a foot, bits
of tow ; saturate them with alcohol and apply a match. The wire will be lengtheued by
‘tie expansion, and the weight no longer clear the block. Allow the wire to cool and the
weig.t will be drawn np to its former position.

'+ That poor conductors of heat are readily broken by sudden heating is shown by
applying a hot iron to’a glass flask ; it will be broken along the path of the i on.

8. lnvert a bottle having a glass:stopper, and eautiously heat tire neck of the bottle
on the outside with a spirit lamp ; the stopper will soon drop out, showing the real ex-
pansion of the glass when slowly heated.

9. Grind a glass rod accurately into a hole in a metallic plate, and then heat slowly in
& &pirit lamp, or by ininersion in hot water ; it will no longer fit tne hole.
bo10. Heat the glass stopper of a bottle, and it will no longer entef the mouth of the

ttle.

. 11. Expaasion of Liquids. To show that liquids expand, dip the bulb of a
thermometer into Lot water.

12. Fit a cork, with a long tube passing through it, into a flask filled 'with water.
The water will rise into the tube three or four inches; tie'a string around the tube at
the level of the liquid, and dip the flask into hot water; first the® water will sink and
then rise very rapidly in the tube. ¢

13. Fill a large test tube entirely full of aleohol, ard’ then place it carefully in a jar
‘of hot water; it wi.l very soon overtlow the rim. Or, fill a flask, like that described in
the preceding experiment, 12, with alcohol colored red by cochineal, and note the addi-
tional amount of expansion. .

14. Fill a dropping tube entirely full of sulphuric ether or alcohol. and apply heat to
the bulb, the thuinb being applied to the larger end. The ligwid will be torced out
through the small orice, in a steady stream.

135, That different nyuoids expand unequally from the same increments of heat is
shown by filiing two bu.bs, of the same size, one with alcohol, and the other wita water,
to the same heigiit, and dipping them into the same vessel of hot water; or by filling a
large bulb to a certain point first with water, and placing it for ten minutes in a vessel
of boiling water; then emptying it, cooling in cold water, fiiling’ it with aicohol to the
same point, and exposing it for ten minutes in the same vessel of boiling water. Note
tae diderence in the expansion in the two cases by means of scale.

16. Apparent Paradox Dip a flask of water, with tube, as in experiment 12, into a
vessel of boiling water The wate- for a few seconds will sink considerably in tue tube,
instead of rising. This is owing to the expansion of the glass flask, by which its capacity
Js increased.

. 17. Immerse the same flask in a vessel of ice and water ; the liquid will rise instead
of sinking, owing to the diminished capacity of the flask. [

18. Expansion of Gases. That gases expand from heat is shown by applying
heat to the bulb of the large air thermometer, described in Art. 128. Fig. 45.

19. Invert a glass tube, having 2 long bulb at the end like-a large thermometer tube,
in water colored blue by sulphate of copper: support it so that its beak just dips beneatia
the level of the liquid ; app:y the flame of a lamp and the air will be driven out, howing
expansion : remove the lamp and the liquid will rige into the stem. showing contraetion
apply heat again and the air will again expand, driving the coiored water down before
it. This forins a simple air thermowmerer. 3 -

20, Ileat a well corked empty bottle by immersing it in hot water, or exposing it to
the fire: the cork will be driven out. g ol = ¥

21. Heat a tightly closed India rubber bag, partially filled with air; it will distend,
and finally be ruptured. ;)

“"22. Exceotion by Watar to the Law of Expansion. Provide a.ﬂask,
similar to the one used in experiment 12, but having a thermometer also passed tightly
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through the cork ; mark the height of the water by a string, and note the temperature,
Then immerse in a freezing mixture of pounded ice or snow, and salt; the water will
steadily sink in the tube until the thermometer indicates about 400 ; as the temperatuye
decreases, the water, instead of obeyiug the sume law, begins to expand, and continues
to do ~o until the therniometer indicates the temperature of 320, when it will suddenly
shoot up and overtlow the end of the tube, on account of the freezing of the water in
the tiask. 1In consequence of this exception, cold water at 520 fioats on the top of waini-
er water at 400.

23. Lepeat the experiment described in Art. 123, taking care to fill the brass cup with
a mixture of ice and salt, instead of ice alone.

24. Thermnrmeters. Test the freezing and boiling peints by immersing them in
melting ice and boiling water ; the mercury should stand in the one case at 820 ; in the
other at 2120.

25. Note the temperature at which water boils in a glass flask, and observe the efiect
of throwing in some iron filings.

26. Invert a thermometer and observe if the mercury runs to the end of the stem.

27. Squeeze the buib between the fingers and note the rising of the mercury. This
;38“ the elasticity of the glass. The thermometer in this experiment should stand at

0,

§ IIX. Effects of Heat:—Liquefaction.

138. Heat of Composition. It has been stated that heat ex-
ists in two states: first, as heat of temperature ; second, as heat
of composition. Having considered the cffects of heat in the first
of these states, we now proceed to consider those which it produces
An the second. 'When heat mercly flows into a body, without com-
“bining with it, the only effect produced is an elevation of tempera-
ture, together with a proportionate enlargement of its dimensions ;
but when it enters into a body so as to combine with it, the Lody is
changed from the state of a solid to that of a liquid, or from the
state of a liquid to that of a vapor. In this case a portion of the
heat disappears; the whole of the heat which enters the body does
not appear as heat of temperature, but a portion is expended in
changing its state. The heat no longer appears as heat; the
solid into which it has entered no longer appears as a solid.
The heat and the solid have combined so as to form a new
liquid or gaseous substance, differing essentially in its appear-
ance and properties from both the substances which have en-
tered into it. The process is analogous to that which takes
place when the two invisible gases, oxygen and hydrogen, unite
to form the visible substance, water, differing in all respects
from the two elements which have combined to form it. It is a

138. What are the two states in which heat exists? What are the effeets produced
upon bodies by heat of temperature? What are the effects produced upon bodies when
heat enters into composition with them? What change of state i3 produced by heat of
eomposition? When two substances combine, what is the universal law?
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universal law that when two substances combine, the compound
formed possesses properties ditferent from those of the compo-
nent elements.  In this view, water is a compound of ice and
heat; melted iron is a compound of solid iron and heat, be-
canze in both these combinations a large amount of heat has
combined with the ice and iron, and no longer appears possessed
of its most striking property, viz., the power to elevate tempera-
ture ; while at the same time both the ice and iron have lost all
their solid properties and been converted into liquids. The first
of the effects of combined heat is Liquefaction; the second,
Vaporization.

139. Liquefaction produced by Heat.—Melting Point.
When heat enters a solid its first effect is to produce expansion ;
as it accumulates, the particles gradually become so far separa-
ted as to move eazily upon each other and readily change their
position, and finally, if the heat be increased still further, a state
of complete liquidity is the result. This process is called Lique-
faction. The degree at which it takes place is different for dif-
ferent substances, and is called the melting point. Ice melts at
82°F.; spermaceti at 132°; sulphur 226°; tin 442°; lead 612°;

iron 2786°; silver 1873°; gold 2016°.

Fig. 51. 140. Disappearance of a large

: amount of Heatduring Liguefaction.

The most important fact connected
with liquefaction, is the disappear-
ance and absorption of a large
amount of heat. The fact of this
absorption may be easily proved. If
a flask full of ice at 0°) with a ther-
mometer inserted in it, be placed
over a fire, the mercury will immedi-
ately commence rising, and continue
to do so until it has attained the
temperature of 32°; but when it has
reached this point it will suddenly
stop and refuse to rise any higher.
Fig. 51, This clevation of tempera-
ture in the ice takes place without the

Absorpt’on of Hrat in & 2
e i melting of any portion, howeversmail.

In this light what may melted iron be regarded as composed of?—139, What is the
eause of liquefaction? Is the temperature at which it takes place the same in all sub-
stanees? Give the melting points of different substances.—140, What Is the most im-
portint fict connected with liguefaction? How may the absorption of heat in liquefacs
‘tion be shown ?
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As soon, however, as the thermometer has risen to 32°, the ice
ceases to indicate any increase of temperature, and begins to
melt very slowly, Now it is evident that in the five minutes
immediately afier the thermometer has ceased to rise, the ice
must be receiving heat at the same rate as it did in the five min-
utes immediately before. What has become of this heat, since
it produces no effect on the thermometer? It has evidently dis-
appeared and been absorbed in the process of liquefaction, and
its force has been exjended in effecting this change of state.
It has combined with the ice and produced a substance in which
nei her its own properties as heat, nor those of the ice, as a solid,
any longer appear. The heat thus absorbed js said to have be-
come latent, and the amount of it varies with the particular solid
substance which is liquefied.

141. Amount of Heat absorbed in the meltmg‘ of Ice. In
the liquefaction of ice, the heat absorbed is sufficient to raise
the temperature of an equal weight of water 140°, Thus, if a
pound of ice be melied, the heat absorbed is sufficient to raise
the temperature of a pound of water from 32° to 172°, or 140°.

. This may be proved
by the following ex-
periment: Fig. 52.
Let a pound of brok-
en ice at 32° and a
pound of water also
at 32°, be introduced
into two separate
glass jars, of the
same size and thick-
ness, and in every
respect exactly alike,
and letboth be placed
in a shallow metal.ic
pan, filled to the
depth of an inch
with water. Let a thermometer be placed in each jar, not ar-
ranged as in the figure, with its bulb touching the bottom, but
%u\pended ¢o that each bulb just dips beneath the surface of
the broken iceand of the water, Each thermometer will stand,
of course, at 32°, Now let a lamp be placed beneath the metal-

Amount of Heat absorbed in Liquefaction.

. What has become of the heat absorbed, and how has it been expended?—141. How
much heat {s absorbed in the melting of ice? Describe the experiment by which this
amount is determined.
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lic pan, and the water conta’ned in it be slowly heated. Both
jars receive heat at the same rate, and we should suppose
that the thermometers would indicate a temperature increasing
at the same rate in both; but instead of this, they are found to
be very unequally affected. The thermometer in the jar con-
taining water at 32° immediately begins to rise, while that in
the jar containing ice at 32° remains stationary, and does not
begin to rise until the ice is entirely melted. 1If at the instant
when the last particle of ice disappears and while its tempera-
ture is still at 32°, we observe the thermometer in the jar con-
taining water, it- will be found to have risen from 32° to 172°
showing that the water has received 140° of heat. The ice in
the other jar has necessarily reccived precisely the same amount,
yet its temperature remains unaffected, What has become of
this 140° of heat? It has obviously been absorbed in causing
the ice to liquefy, and in so doing has become insensible to the
thermometer. As soon as the ice has entirely melted, the ther-
mometer will begin to rise, just as it did in the jar containing
water, because the heat received from the lamp is no longer ex-
pended in producing the change from the solid to the liquid
state, and exerts the ordinary eifects of heat of temperature.

142. The amount of Heat absorbed in the Liquefaction of
Ice shown by a second experiment. If a pound of water at 32°
be mixed with a pound of water at 172°, the temperature of the
mixture will be intermediate Letween them, or 102°,—the mean
temperature. But if a pound of water at 172° be added to a
pound of ice at 32° the ice will quickly dissolve, and on
placing a thermometer in the mixture it will be found to stand
not at 102°, but at 32°, In this experiment the pound of hot
water which was originally at 172°, actually loes 140° of heat, all
of which enters the ice and causes its liquefaction, but without
affecting its temperature ; whenee it follows that a quantity of
heat becomes insensible during the melting of ice sufficient to
raise the temperature of an equal weight of water by 140° I,
This explains the well known fact on which the graduation of
the thermometer depends, that the temperature of melting ice
or snow never exceeds 32° F.  All the Leat which is added be-
comes insensible until the liquefaction is complete.

143, Heat of Fiuidity, The heat thus absorbed in the
liquefaction of solids is called the heat of fluidi'y, and is essen-

142 Describe a second experiment by which the same fict may be proved. Why can
7ot melting ice rise above 320 until the whole is melted ?2—143, What is meant by
heat of fluidit, ? < -
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tial to the existence of the substance in the liquid state. Tt
varies very much in different bodies, 1In ice, as we have seen,
the amount of heat absorbed is 140°; in beeswax it is 175°; in
leal 162°; zine 493°; tin 500°; bismuth 550°; all of which is in
each case given out when the body returns to the solid state,
The heat in all these instances is not lost, but is simply rendered
insensible to the thermometer. It enters into the constitution
of the substance in question without raising its temperature,
‘When the process is reversed, and the substance is reconveited
into a solid, the heat which has been rendered insensible is again
given out, and ths temperature of the body rises. Consequently,
whenever a solid is eonverted into a liquid, there is an immense
absorption of heat, accompanied by a diminution of temperature ;
whenever a liquid is changed into a solid, there is an immense
evolution of heat, accompanied by an incréase of temperature.
Similar variations in temperature are effected by simple change
of density, without any such change in state as to produce either
liquefaction or solidification. Condense any substance, and its
temperature rises; expand it, and its temperature sinks.

144, Solid substances undergoing liquefaction can never
be heated above their point of fusion, until the whole of the
Solid is melted. When a solid is undergoing liquefaction, all
the heat that enters it, is expended in producing the change of
state, and none of it ‘goes to raise the temperature until every
particle of the solid has melted. Thus we have seen in the
case of melting ice, that the temperature of the ice ean not be
raised above 32° until the last particle of the solid has dizap-
peared. In the same way, if a mass of tin have its tempera-
ture raised to 442° it will then begin to melt, and its tempera-
ture can be raised no higher until the last particle of tin be
melted, after which the temperature will rise as usual. In
like manner lead will begin to liquefy at 594°, and notwith-
standing the constant addition of heat, its temperature will not
rise above 594° until its fusion is complete. The same is true
of beeswax; it can not be raised abave its melting point, Lhow-
ever great the heat applied, so long as any wax remains un-
melted ; and even in the case of iron, which melts at 2786°,
notwithstanding the intense heat of the furnace, it can not be
raised above this point so long as any solid iron remains, because

Is it the same in amount for all bodies? What is the effect of liquefaction upon sur-
rounding temperature? What is the effect of solidification upon tempemtur_e? What
i3 the effect of change of density npon tempgrature ?—I144, Why can not solids under-
going liquefaction be heated above the melting point? 2
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all the heat that enters it, however great, is entirely expended
in producing liquefaction, and none at all goes towards the ele-
vation of temperature.

145. The Heat absorbed in Liquefaction glven out in So-
lidification. The heat thus absorbed in liquefaction is given out
and rendered sensible again when the liquid returns toa solid state.

This may be shown by immersing a ves-

Fig. 63. sel of water at 60°, containing a ther~

; mometer, in a freezing mixture of ice

and salt, at 0°. The thermometer will
immediately sink, and continue to do
so, until it reaches 32°, when it will
suddenly stop; and though the freezing
mixture is at 0°, the water in the vessel
persists in remaining at 32° and at the
same time slowly freezes. It loses
heat at the same rate after it reached
32° as it did before; why does not its
temperature sink ? manifestly becau-e
AN IREL YL the water in ﬁ'ee.zing_‘ is giving out the
b Sopictifiaat ot 140° of heat which it had absorbed in
liquefying, and this it is which keeps

up its temperature: Fig. 53. The same fact may be proved by
another experiment. If water be kept undisturbed it may be
cooled to 12° or 20° below its freezing point, 32°, without congeal-
ing, but upon the least agitation a small portion is made to ‘OIidl.y‘,
anl the heat given fortls by this small portion in passing from
the liquid to the solid state, is sufficient to raise the temperature
of the whole mass of the water from 12° to 32°. Melted phos-
phorus, acetic acid, and sulphuric acid, also admit of being cooled
down several degrees below their points of solidification, but if*
touched or agitated they immediately solidify with the evolution
of heat. The solidification of metallic bodies is attended with
like results; a liquid a'loy of potassium and sodium may be’
formed by pressing together the two metals, which at common
temperatures are quite soft; if a drop of mercury be added to
them they instantly solidify, and in doing so emit heat enough to
set fire to the naphtha which is used to proteet them from the air.
The freezing of water, and solidification in general, under all cir-
cumstances, strange as it may appear, is attended with the evo-

145. Show that the heat absorbed in liquefaction is given out again in solidification.
Explain the rise of temperature in water at 120, when it is frozen. Explain the combus-
tion produced when an alloy of sodium and potassium is mixed with mercury. . <
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lution of heat, and is a warming pro-
cess. When a pound of water is frozen,
sufficient heat is given out to raise an~
other pound of water from 32° to 172°,
and to impart to it 140° of heat.
If a ton of water be frozen, the same
fact is true; the heat given out is suf-
ficient to raise another-ton of watcr
from 82° to 172° or to heat 140 tons
of water 1°. A similar extrication
A of heat occurs in a’l cases of solidi-
fication.  The precipitation of mat-
ter in a solid form from a state of
solution always procuces Lheat. DMake
a sa‘urated solution of sulplhate of soda,
orGlaubers salt, in warm water at 90°,
and set it aside until it cools, having
first tightly corked it; on shaking the
bottle, the solution will suddenly crys-
tallize, and its temperature rise scv-
eral degrees, as shown by the ther-
mometer. 1f we piepare a saturated
solution of acetate of soda in boiiing
water and allow it to cool without agi-
tation, on pouring it over a bulb, the
beak of which is dipped beneath the
= S surface of water in a bowl, it wil im-
Heat produced by Soidifica-  ynediately solidify, and in so doing give

out heat enough to drive out a part
of the air, in bubbles through the water. ‘Sce /7. 54, where the
water occupies a portion of the stem, and descends rapidy on
the application of the solution.

146. Liquefaction, by whatever cause produced, always
attended by a Reduction of Temperature. Liquefaction pro-
duces cold. This is not only true when solids are melted by the
application of heat, but in every case in which solid matter is:
liquefied, by whatever means. Liquefaction can not take place
without the absorption of a large amount of heat; consequently,
if we can effect or compel liquefaction without the direct .
application of heat, a strong demand for heat is at once created,,
which must be satisfied at the expense of the heat of surround-

-146. Why is liqueﬁiction, by whatever cause produced, always attended by a reduction.
of terwperature?. 1 - :
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ing bodies, and their temperature consequently sinks. Now we
have the means of causing bodies to liquefy suddenly by chemi-
cal means, without the application of heat; and consequently of
producing a diminution of temperature in surrounding objects,
by the demand for heat which is thus created.

147. Freezing Ifixtures. On this principle depends the
operation of what are called freezing mixtures. One of the
simplest of these is composed of ice and salt. When mixed,
these two solids combine in such a way that both are liquefied,
beat is absorbed, surrounding temperature sinks, and the ther-
mometer speedily falls to — 4°, or 36° below the freezing point
of water. Care should be taken that no heat be furnished
either by the vessel in which the liquefaction takes place,
or from any other external source. It follows, therefore, that
the heat which is ab orbed must be supplied by the substances
themselves which compose the mixture, and which must suffer
a diminution of temperature proportioned to the quantity of
heat thus rendered latent. . The cold produced will be increased
by reducing the temperature of the substanees in question, be-
fore mixing them. The vessel in which the mixture is made
should be placed in a larger vessel, also containing some of the
freezing mixture, for the purpose of cutting off every supply of
heat to the inner vessel fromn the outside. The solids employed
must be pulverized so as to dissolve quickly, and if saits,
must not have lost their water of crystallization, or have become
anhydrous. There are freezing mixtures more effective than
ice and salt. Thus, chlorohydric acid 5 parts by weight, and
snow or ice, 8 parts, will sink the temperature from 32° to—21°.
A rain, if equal weights of snow and common salt, at 32°, be
mixed, they will liquefy, antl the temperature will fall to — 9°.
If 2 1bs. of chloride of calcium, and 1 Ib. of snow, be separately
reduced to — 9° in this liquid, and then mixed. they will liquefy,
and the temperature will fall to—74°. If 4 Ibs. of snow, and
5 1bx. of sulphurie acid, be reduced to-—74° in this last mix-
ture, and then mixed, they will liquefy, and the temperature
will fa'l to — 90°.  Again, if 1 lb. of snow be dissolved in
about 2 quarts of aleohol, the mixture will fall nearly to — 13°.
If the same quantities of snow and alcohol, after being reduced in
this mixture to— 13°, be then mingzled, the temperature of the
mixture will be reduced to— 58° and the same process being

147. What are freezing mixtures? Explain the principle on which they depend. Give:
sowe of the most important freezing mixtures.
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]

repeated, with like quantities in this second mixture, a further
reduction of temperature to — 98° may be effected, and so on.
The lowest known temperatures, however, have been produced
by liquefying, and then evaporating some of the gases. Tem-
peratures have been thus produced, varying from — 120° F. to
—220° At such temperatures, mercury, which freezes at —
40° F.,, is easily solidified, and it is said that even al oliol, a
liquid which has hitherto resisted all attempts at solidificat on,
has been reduced to the consistency of oil and melted wax.
These processes will be deseribed hereafter. The extreme cold
thus produced will perhaps be better understood by comparison
with some of the lowest natural temperatures. The severest
natural cold ever noted was in Siberia, lat. 55 N., where the
thermometer was observed to indicate—91.75° F. At Jakertsh,
the mean temperature of the month of Decerber is— 441° F.,
and it bas been known as low as — 58°.  In the expedition in
Kliva, in December, 1839, the Russian army experienced for
several successive days a temperature of — 41.8° F.

148. The solution of £alts ard Acids in Waler lovrers its
Freezing Point. The freezing points of liquids are generally
lowered when salts are disolved in them. The freezing yoint
of pure water is stationary at 32°; but sea water, which con-
tains several different salts dissolved in it, chiefly common salt,
freezes at 27.4° F., the salt separating, and the pure water float-
ing in the form of ice; whilst water which is saturated with sea
salt sinks as low as — 4° F. before freezing. In like manner
the strong acids, like the sulphuric acid, and the nitrie, will very
considerably reduce the freezing point of the water with which
they are mixed. The icebergs, therefore, which float in the sea,
and all the ice formed in the ocean in winter, consist of per-
fectly pure water. In like manner, if water hold. in solution a
small quantity of alcohol, and be frozen, the ice will be found to
contain no admixture of alcohol, but to Le the ice of perfectly
pure water. This method is sometimes practiced to give in-
creased strength to weak wines, for, as the water freezes, the
remaining liquid becomes proportionably stronger. In the pro-
cess of freezing, as it goes on in Nature, solidification does not
proceed continuously, but the ice is formed in successive layers,
and in the intervals between these layers is a stratum of ice,
slightly more fusible than the mass either above or below.

148. What is the effect upon the freezing point of water of dissolving salts in it? What
effect has the mixing of acids with water upon its freezing point? What is the effect
of freezing upon salt water? What is the effect of freezing upon water containing alco«
hol in solution?
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149. Sometimes two different substances mixed, fuse at a
temperature much lower than either separately.—Fluxes.

Salt may be said to be a flux for ice, because it tends to liquefy
the ice without the application of heat, at a lower temperature
than it would melt without; in the same manner other sub-
stances, when mixed, often tend to fuse at a temperature much
lower than the fusing point of either separately. In this way
many very infusible substances are melted by mingling with
them other bodies with which they tend to unite. Silica, the
most important constituent in glass, is not fusible by any heat
of the most powerful wind furnace, but if soda, potash, lime,
and lead, be mixed with it, fusion takes place very readily at a
comparatively low temperature. These substances are hence
called fluxes. In the manufacture of poreelain, fluxes are em-
ployed; and also in the reduction of the metals from their ores.
For this reason iron ore is always mixed with lime before it is
subjected to the action of the blast furnace. In the case of
some of the salts, the lowering of the point of fusion is very
extraordinary ; thus nitrate of potash melts at 642° F., the ni-
trate of soda at 591° F.; but a mixture of the two, in equiva-
lent proportions, liquefies as low as 429° or 162° below the
melting point of the most fusible of the two salts. In like
manner some of the alloys of different metals will often melt at
much lower temperatures thanany of the metals employed sepa-
rately. An alloy of 8 parts of Lismuth, 5 of lead, and 3 of tin,
melts at a temperature below that of boiling water, and an alloy
of 496 parts of bismuth, 310 lead, 177 tin, and 26 mercury,
fuses at 162.5° F. If a thin strip of this alloy be dipped in‘o
water that is nearly boiling hot, it will melt like wax. Some
bodies, like water, pgss at once from the complete solid to the
complete liquid state without passing through any intermediate
condition; while others, like wax, tallow, and phosphorus, be-
come soft at temperatures much lower than those at which they
are liquefied; and there are others, like glass and platinum,
which never, under any circumstances, attain absolute fluidity.
150. Refractory substances. Bodles, whose fusion is ex-
ceedingly difficult, or which resist it altogether, are called
refractory. No substance can besaid to be absolutely in-
fusible, except carbon, which, under all its forms, of pure carbon,

149 What are fluxes? Iow may salt be said to be a flux for ice? Describe the use
of fluxes in the making of glass and porcel.dn. What is the use of the ]mm employed
in the smelting of iron? IHow does the melting point of alloys compare with that of tie
metals which enter into them ?—150. What are refractory substances?
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charcoal, anthracite, graphite, and diamond, has resisted fusion
at the highest temperature which has yet been produced. There
iireason to believe that even carbon may yet be fused by long sub-
Jeetion to the intense heat of Ruhmkorff’s coil; § 465. ()f the
metals, platinum is the most infusible, and it can not be melted
except by the oxyhydrogen blow-pipe, an instrument to be
described hereafter, and by the galvanic current. Wrought
iron is also extremely difficult of fusion. Ainong the most re-
fractory bodies are the earths,—lime, alumina, baryta, strontia.
Some compound substances can not be melted, because decom-
position takes place before the degree of heat necessary for
fusion has been attained. Thus marble, ordinarily, can not be
melted, because, at a red heat, it is decomposed, and one of its
constituents, the carbonic acid gas, escapes; but if it be tightly
confined in a strong gun-barrel, so that nothing can escape, and
intense heat be apphed its fusion ean be accomplizhed.

151. Facility of liguefaction proportioned to the quantity
of latent heat reguired. The different degrees of facility with
which bodies are liquefied depends in part upon the relative
amounts of heat which are rendered latent in the process. Thus
ice liquefies very slowly, because the latent heat required is very
great, water containing more latent heat, or heat of composition,
than any other known substance. Phosphkorus and lead, on the
other hand, whose latent heat is small, melt very easily ; ice can
not be liquefied until it has received sufficient heat to raise an
equal weight of water 140°, while lead and phosphorus are
melted by as much heat as would raise their own weight of
water by 9°. If but little heat is absorbed, and becomes latent,
all the heat that enters the body in question goes at once towards
its liquefaction ; whereas, if a large quantity becomes latent, it
15 obvious that but a small amount can go towards the liquefac-
tion, and the rapidity of that process is proportionably retarded.

152, The important resunlts of the absorption of Heat in
Liquefaction, and its evolution in Solidification. The absorp-
tion of this large amount of heat in liquefaction, and the pro-
portional evolution of heat in solidification, lead to two most
important results: 1st. The solidification of large bodies of
water sets free an amount of heat previously latent in the water
which is of the greatest value in mitigating the rigors of a cold

Which is the most infusible of all known substances? Which is the most infusible of
t'te metals 7—151. To what is the facility of liquefaction proportioned? Give illustra-
tions of this in the case of water and phosphorus.—152. What important results flow
from the absorption and evolution of heat in liquefaction and solidification?
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climate. The act of freezing liberates heat, and very percepti-
bly moderates the temperature of the atmosphere. As soon as
ice begins to form upon the surface of a lake in winter, the
temperature of the atmosphere is immediately elevated. In
the severest weather of winter, if a snow storm occur, the air
at once becomes warmer from the heat, previously latent in the
watery vapor, now given forth by its condensation and solidifi-
cation. For the same reason water is often placed in cellars
for the purpose of preventing frost by the heat given forth by
its own congelation. 2d. The large amount of heat required
for liquefaction tends to make the melting of solids s'ow
and gradual, and the large amount of heat given forth in solidi-
fication tends to make the congelation of liquids equally slow
and gradual. A check is thus placed upon the rapidity of both
these processes, and matter is prevented from suddenly passing
from one state to the other in either direction. We see the im-
portance of this provis'on in the impediment which is thus
placed in the way of the sudden liquefaction of large mas:es of
snow and ice in the spring; if it were not for the immense
amount of heat required, and which can not readily be obtained,
the ice and snow that had accumulated during a long winter
would, at the first approach of mild weather, be at once con-
verted into water, and sweep away not only the works of man,
but also those of Nature herself—‘he trees, rocks, and hills.
The difficulty of suddenly supplying so vast an amount of heat
necessarily makes the process of’ melting very gradual. What
would be the consequences if there were no such provision can
be imazined from the destructive effects that are produced in
s ite of it, by the meliing of ice and snow in the spring; if the
vast body of water which is produced were formed in the course
of a single day, it is evident that every thing would be swept
before it.  Oceasionlly eatastrophes of this kind do occur, when
a voleano, suh as Etna, pours forth a stream of lava over fields
of ice and snow ; the des‘ruction which is produced by the tor-
ren's of water is even greater than that of the lava itself. As
we advance towards the north tbe transition from winter to
summer is very rapid, taking place almo:t in a day, and it is
evident that the beneficial results of this constitution of matter
in countries where the masses of snow and ice accamulated in
winter are immense, must be aliogether incalculable. Again,

What effect is pro-duced upon the temperature of the air by the freezing of water in the
autumn? What efect is produced upon the rapidity of tiae meiting of snow in tue
spriag by the absorption of o large an wmount of heat?
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when in the autumn large masses of water are frozen, the heat
latent in the liquid, and essential to its Lquidity, is given forth,
and this has the effect of elevating the temperature of the re-
maining water, and also of warming the atmosphere in contact
with it. The evolution of this large amount of heat has the
effect of retarding the freezing process, and limiting its effects.
An impediment is thus placed in the way of the sudden freez-
ing of large bodics of water. So happily adjusted arc all the
arrangements of Nature to subserve the comfort of man, and
the preservation of animal and vegetable life.

153. The beneficial effects of all the laws of Nature, and
of their exceptions in special cases. All animal and vegetable
life depends upon the preservation in a permanently liquid state
of vast quantitics of water. To secure this end, the freezing
of water is made a slow process, by the latent heat which i3
given forth as coon as it begins to take place. A similar pro-
vision, as we shall see, prevents it from too rapidly evaporating.
Both these arrangements show the wisdom, power and benefi-
cence of the Most Iizh most emphatically and plainly, as in-
deed do all the laws to which he has subjected the world of
matter. DBut especially are these attributes shown in the ex-
ceptions which he has made to his own laws, when their regular
operation would be injurious to the welfare of man. These
display a very peculiar and refined design which demands our
highest admiration ; and perhaps the most striking of these ex-
ceptions is shown in the exemption of water from the ordinary
law of expansion and contraction, when its execution would be
injurious to man. When water has cooled to a certain point,
the ordinary law is reversed, the warm water sinks, and the
cold water floats upon the surface. In what powerful language
does this single fact in Nature speak to every religious mind !

154. The discoverer of the laws of Latent Ileat. It is to
the celebrated Dr. Joseph Black, Prof. of Chemistry in the
University of Edinburgh, that we are indebted for the greater
part of our knowledge on this subject. It is stated that an
observation of Fahrenheit, recorded by the celebrated Boer-
haave, ¢ that water would become considerably colder than melt-
ing snow without freezing, and would freeze in a moment, if
disturbed, and in the act of freezing emit many degrees of heat,”

153. Tlow is the permanently liquid state of large amounts of water secured? What
specizl design is shown by the peculiar constitution of water and its exception zt cer-
tain temperatures, to the law of expansion from heat.—154. Who was the discoverer of
tie laws of latent heat? What directed his attention to the subject?
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first suggested to Dr. Black the idea that the heat received by
ice during its conversion into water is not lost, but is contained
in the water. Ie instituted a careful train of experiments
which fully established the immense absorptioa of heat in lique-
faction and vaporization, and its corresponding evolution in con-
densation and solidification. These experiments may be foand
fully detailed in his own words, in his Lectures, one of t\ie most
instructive and interesting works on chemistry to be found in
our language. This discovery of Dr. Black unfolded the true
theory of the steam engine, and suggested to Mr. Watt many
of his most important improvements.

Experiments: Effects of Heat,—Lijuefaction.

1. Liquefaction. That heat produces liquefaction may be shown by heating ice,
lead, or any other solid easily fusible.

2. That liquefaction i3 accompanied by the disappearance of a large amount of heat
may be shown by heating a cup filled with ice at 0°, and containing a thermometer, over
a lamp. Tae taérmometer wiil rise to 82° and then remain stationary until all tae ice
has melted, notwithstanding it has been recciving heat at the same rate all the time,
What his become of i:?  Evidently it has been absorbed. The ice may be reduced to 0%
by immersion in a fieezing mixture of ice and salt.

3. The same fact i3 shown by dissolving common salt, nitrate of potash, nitrate of
ammoniy, caloride of caleium, and in general all the salts, in water, and noting the great
diminution of tempcriture which results, as tested by the thermometer.

4. Take 207 parts of lead, 118 of tin, 284 of bismuth, melt them together in a crucible,
and -reduce them to a finely divided state by throwing into cold water. On dissolving
this aloy in 1017 parts of mercury, the thermiometer will sink from 64° F, to 14°, and
water inay be frozea by the process.

5. The amount of heat absorbed in the melting of ice may be shown to be what
would heat an equal weizht of water 140°, by pouring a pound cf water at 172° upen a
pound of ice at 82°. The ice will be melted by the heat of the hot water, but the tem«
peratare of the whole mixture at the conelusion of the experiment will be only 32°, i. e.,
14 +° of neat will have disappeared and been absorbed.

6. The same fict is shown by the experiment described on page 114. Two glass beak-
er:, one containing a pound of ice at 32°, the other a pound of water at 82°, each having
a thesmometer suspended in it, with the bulb a little distance below the surface, are
placel in a shallow tin pan kept boiling by a lamp. They receive heat at the same rate,
and the temperature of the water rises, while that of the ice remains stationary at 32°.
By the time tae water has reached 172‘;, or received 140° of heat, the ice, which has re-
ceived just as much, will only have melted, and the temperature of the vessel containing
it will still be only 32°. See Fig. 52.

7. Solididcation produaces Heat. Potassium and Sodium pressed together
in a mortar produce a liquid alloy; add mercury, and this liquid becomes a solid,
and heat enough is set free to inflame the naphitha adhering to the potassium.

8. To a strong solution of chloride of calecium or muriate of lime, add a drop or two
of sulphuric acid ; a solid results, and much heat is produced.

9. Water and quick lime mixed, solidif; with the production of much heat. If phos-
phorus in a watch glass be placed upon the mixture it will be inflamed, and water in a
test tube may be boiled.

_ 10 Plwe asmall jar of water at 60° or 70°, and containing a thermometer, within
a larger jar, and let the space between them be filled with a freezing mixture of snow
and salt at a temperature of 0°, as shown by a second thermometer. The water in
the ianer vessel will steadily sink in temperature, until its thermometer indicates 32%,
but at this degree it will remein stationary, though the mixture around it is at 0°, or 82°
lowver; the water at the same time will slowly freeze. Why is thls.? It is manifestly
owing to the heat given out in the solidification cf the water, See Fig 53.

11, Dissolve sulpbate of soita in water at 91° F. until the water refuses to take up any
more of the salt; cork the bottle containing the saturated solution tightly and set it
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aside to cool. The bottle should be entirely full and be permitted to stand very quietly.
If it be agitated, the bottie wiil become perceptibly warm to tie hand trom the rapid
crystaliization and solidification of its liquid coutents. 1t shaking the boitie be not suf-
ficient to produce erystallization, extract the cork and drop in a bit of stick or a small
crystal.

{2, Prepare a saturated solution of acetate of soda, and when cold pour it over the
bulb of un air thermometer. ‘The ajr wil immediately expand, showing the evolution of
heat.

13. Freezing Mixtures. 1. To sulphate of soda, 8 ounces, add 5 ounces, by
weight, of chlorohydrie or muriatic acid. Temperature will sink from 50° to 0°.

2. To 20 ounces by weight of a mixture of equal parts of sulphuric acid and water,
previously mingled and cooled, add 80 ounces of snow or pounded ice; temperature will
sink from 32° to —25°.

3. To sulphate of soda, 10 0z., add 8 fluid oz. of a mixture of equal parts of sulphurie
acid and water, cooled ; temperature will sink from 50° to 3°.

4 Dissolve powdered sal ammoniae in water ainl note the diminution of temperature.

5. Dissolve nitrate of minmonia in water ; temperature will sink from 50° to 44°

6 Dissolve a mixture of equal parts of fal ammoniae and nitre in water.

7. Common salt, 1 part by weight; snow or pounded ice, 2 parts; temperature will
sink to —5°.

8. Common salt, § parts by weight ; nitrate of ammonia, 5 parts ; snow or iee, 12 parts;
temperature will sink to —25°.

9. Chlorohydrie acid, 5 parts by weight; snow or ice, 8 parts; temperature will sink
from 32° to —27°. 2

10. Chloro hydriec acid, 5 parts, poured upon 8 parts of sulphate of soda, will reduce
temperature from 50° to O°.

11, Crystallized chloride of caleium, and 2 parts of snow, will reduce temperature to
—40°, and freeze mercury. .

12. If the chloride, in the last experiment, be cooled to 82°, the mixture will cause a
thermometer to fall to —50°,

§ IV.—Efccts of Heat:—Vaporization.—Ebullition.

155. Vaporization. It has been seen that the first effect of
heat is, to separate the particles of bodies from each other, and at
the same time to elevate their temperature; that then, as the heat
accumaulates, the force of cohesion is weakened to such a degree
as to admit of the easy movement of the particles upon each other,
and the solid becomes a liquid ; and that this takes place without
any elevation of temperature. If the heat be still further in-
creased a third and final effect is produced. In the case of some
substances the particles are pushed so far from each other as to
acquire unlimited freedom of motion, and the substance passes
into the state of an invisible gas, or vapor, resembling the at-
mosphere. This process is ecalled vaporization. There are
some substances, such as ice, arsenie, sulphur, camphor, which
can yield vapor without passing through the intermediate state
of liquidity; but in general all solid bodies are first liquefied, and
then by a further application of heat, are converted into vajors.

“155. What i3 the first effect of heat on solids? What is the second? TIf the hect Te
pushed beyond the degree required for liquefaction, what resuits? What is vaporiza-
tion? Do all solids, in vaporizing, pass through the state of liquefaction?
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156. The physical properties of Vapors. Vapors are trans-
parent and colorless, like the gases; though there is a small
number of colored liquids which produce colored vapors. In
general, they possess the same physical properties as gases; the
chief difference between them is, that a vapor is readily con-
densed into a liquid by a diminution of temperature, while a
gas remains in the aeriform state at all common temperatures.
The effect of pressure upon vapor is the same as upon gases,
provided they are not condensed by it, i. e., the volume which
they occupy is inversely as the pressure. Double the pressure
and the volume is reduced one half. The exfansion of vapors by
heat is also the same as that of gases, i. e., for évery degree of heat
added to them they expand 14 of the bulk which they oceupy
at 32°.  This law does not hold good unless the quantity of the
vapor heated remains the same, and does not apply to cases
where fresh portions of vapor are continually rising from the
liquid by which they are produeed; but when there is no ad-
dition made to the quantity of the vapor, then they expand just
a3 an equal volume of air would do, and thereby exert a certain
amount of mechanical force. It is always to be borne in mind
that a vapor, unless it be colored, is as Invisible as the atmos-
phere, and that its particles are so far removed from each other
as to oppose no obstacle to the passage of light.

157. Difference between Evaporation and Ebullition.
Vapor is rising at all times, and at all temperatures, from the
surface of liquids, but the higher the temperature, in general,
the more rapid the process. When it gaes on quietly and slowly,
at natural temperatures, from the surface of liquids, it is called
evaporation ; but when, by the application of a large amount
of heat, vapor is formed so rapidly at the bottom of a vessel as
to produce violent agitation in the liquid, it is called boiling, or
ebullition. 'The subjeet therefore naturally resolves itself into
two parts, evaporation and ebullition; we will consider the lat-
ter first,

158. Ebullition. FEbu'lition, or the rapid and violent for-
mation of vapor, takes place in different liquids at different
temperatures ; but in the same liquid, under the same circum-
stances, always at the same temperature; and this is called its
boiling point. Thus, pure water boils at 212° I%,, alcohol at

156 State the physical properties of vapors. What is the difference between a yapor
and a gas? What are the cffects of pressure on vapors and gases? Of heat? Are va~
pors always invisible 2—157. State the difference between evaporation and ebullition.—
158. Define ebullition. Is the hoiling point of the same liquid always constant? State
the boiling poiats of water, Sulphuric ether. Mercury, &c.
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175°, sulphurie ether at 96°, sulphuric acid at 620°, turpentine
at 316°, mercury at 662°.

159. Absorption and disappearance of a large amount of
heat during Ebullition. The most important fact connected
with this process is, that it is attended by the absorption of an

enormous amount of heat, which be-

Fig. 54, comes insensible to the thermometer,

R just as in the case of liquefaction.
The fact of this absorption may be
proved by the following experiment:
If'we half fill a flask, Fig. 54, with
pure water at 62°, suspend a ther-
mometer in it, and place it over a lamp
or fire, the thermometer will steadily
rise until the water reaches the tem-
perature of 212°. It will then cecase
rising and continue permanently at this
point until the water is all boiled away.
Suppose at the commencement of the
experiment that the water was at 62°,
and that it rose to 212°, the boiling
point, in six minutes. It gained then,

Heat absorbed in Bodling. 1N these six minutes, 150° of heat, or

25° each minute. This is the rate per
minute at which heat entered the water. The time occupied
by the water in boiling entirely away was forty minutes. As
it was receiving heat at the rate of 25° per minute, and was
{forty minutes in boiling away, it is quite evident that in the
process it must have received 1000° of heat; yet the thermome-
ter during the whole time did not rise above 212°. What then
has ‘become of this 1000° of heat? It has evidently entered
into the steam and become latent, or insensible to the thermome-
ter. It has been ascertained by the pyrometer, (§ 137,) that
red heat takes place at 980°.  Consequently, an amount of heat
‘has been imparted to the water which, if it had been a solid
substance, like iron, would have heated it red-hot; and yet the
water has indicated only the temperature of 212°! This sim-
ple experiment furnishes satisfactory proof that in the process
of vaporization a vast amount of heat is absorbed and becomes

159. What is the most important fact connected with ebullition? How may this be
proved? How much heat is absorbed or made latent in the boiling of water? Ifow
much more time is required to convert a given weight of water into steam, than to
Leat it from 320 to 21207
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latent and insensible to the thermometer, that it requires from
5% to 6 times as much time to convert any given quantity
of water into steam, as it does to raise the same water from 32°
to 212°, or heat it 180°, and consequently that 5% or 6 times as
much /eat is absorbed in the conversion of water into steam as
is necessary to raise it from 82° to 212° or heat it by 180°, i. e.,
about 1000°. i

16) The heat adsorbed in Vaporization given out in Con-'
densation. The heat thus made latent in the conversion of a
liquid into a wvapor, is again given out and made sensible when
the vapor is condensed and re-converted into a liquid. This
may be proved by the following experiment, F7g. 55. Let @
be a strong copper vessel, having a brass tube bent twice at

Tig. 55.

{f:? 212°

5

Heat given out in Condensation of Steam.

right angles connected with it, and dipping beneath the surface
of water, of the temperature of 32° in the glass cup, £ At
d there is a thermometer for measuring the temperature of the
water; ¢ is a stop-cock opening into the air; 6 another stop-
cock commanding the entrance to the tube. A powerful lamp
is placed beneath, and the water in @ made to boil; ¢ is then
closed, and b opened. The steam rushes into the cold water in
Js and is condensed by it, until this also has reached the tem-
perature of 212°. The water in f will then begin to boil, and
the steam commence rising into the air. The amount of cold

190. Ts this heat annihilated? Can it be obtained again by condensation? Ilow is
this proved? 1low much latent heat i3 given out in the coudensation of steam?
*



130 IN CONDENSATION.

water, at 32°, contained in f at the beginning of the experiment
was 11 cubic inches; at the conclusion of the experiment the
amount of water has been increased to 13 cubie inches, at tem-
perature of 212°. It has increased in volume by two cubic
inches, and has done so by the condensation of steam, at tem-
perature of 212° from the copper boiler. The latent heat,
therefore, contained in two cubic inches of water in the form of
steam, of the temperature of 212° has raised the 11 cubie
inches in the glass cup from 32° to 212°. The amount of heat,
therefore, latent in two cubic inches of water at 212° in the
form of steam, is sufficient to raise the temperature of a volume
of water in the liquid state, 5% times greater than itself, from
32° to 212° i. e., by 180°. Consequently, the sum of the heat
given out by the condensation of this amount of steam is equal
to 180X 54=990° The raising the temperature by 180° of
an amount of water 5 times greater than the amount which
has been condensed, is the same thing as raising the temperature
of an amount of water equal to that which has been condensed
‘by 5% times 180°=990°; from which we see wvery plainly that
the amount of latent Leat given forth in the condensation of
steam, and its reconversion into a liquid, is equal to the amount
of latent heat absorbed when water is converted into vapor,
i. e., about 1000° in each case. These important facts were
first demonstrated by Dr. Black, shortly after his discovery of
the licat made latent in the process of liquefaction, and a full
account of it may be found in the 1st volume of Dr. Black’s
Le tures, already referred to.

151. The amount of heat absorbed is not the same for all
Vapors. Equal weights of different liquids require very differ-
ent amounts of latent heat to convert them into vapor. Thus,
while water absorbs and renders latent 1000° of heat, ammonia
absorbs 830°, alcohol 386°, ether 162°, turpentine 133°. The
amount of heat which is rendered latent in each case may be de-
termined by distill'ng over a given weight of the Fquid, and con-
densing it in a large volume of water, the temperature of which is
noted at the beginning of the experiment, and also at its close;
Fig. 56. 'The liquid to be tried is placed in the flask A, the
neck of which is connected with a glass receiver, B, furnished
with a spiral condensing tube terminating at D; this receiver is
placed in a vessel ¢, with a considerable quantity of water, the
weight of which has been accurately deiermined. The liquid

151. I= the amount of heat made latent the same for.all vapors? How may this
amount be determined for each?
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Fig. 56. in A is distilled over into
B; the quantity that
condenses is carefully
weighed, and the rize of
temperature experienced
by the water used for con-
densation is estimated by
a thermometer, ¢. The
whole is enclosed in an
outer tin plate vessel, and
is still further protected
from the radiation of the
lamp by the tin plate
screen R. S is a glass
rod for agitating the
water. A pint of water
converted into steam will,
on condensation, raise the
) N I temperature of 10 pints
NSNS NN 99° and a fraction. A
Determination of the Latent Heat of Vapors. {-Tﬁﬂon of water COnV(,%l‘tGd
into steam, at 212°, and
then condensed, will raise 5' gallons of water from 32° to 212°,
or 180°. It requires, therefore, 54 times as much water at 32°
to condense steam, as the water from which the steam was orizin-
ally formed. If the condensing water be not so cold as 32° a
larger quantity of it will be needed. By careful experiments
of this kind the latent heat of all vapors may be determined.
162. Boiling Point variable—Influenced by the pressure
of the Atmosphere. The boiling point of the same liquid is not
to be considered perfectly constant; it depends upon circum-
stances, the most important of which is the pressure of the
atmosphere upon its surface. This pressure is equal to 15 Ibs.
(see § 9,) upon every square inch; it operates upon
liquids, as well as solids, and its effect is to keep the par-
ticles of liquid down, and prevent them from passing into the
vaporous state; this it does by the compression which it exer-
cises, and it amounts to the same thing as adding just so much
to the cohesion existing in the liquid, tending to keep its parti-
cles together. This additional cohesion can only be counterac’ed
by heat, and no liquid can boil until it has acquired heat enough

132 T& the hoiling point ever affected bv circumstances? What is the effect of a varia-
tion in the atmospherie pressure? Explain this.
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to overcome this pressure of the atmosphere. The elasticity
of the vapor, or its tendency to expand, must be equal to the
force which tends to prevent it from expanding; in all cascs
where a liqu'd boils in the open air, the elasticity of the vapor,
and the pressure of the atmosphere, exactly ba'ance each other.
Now if ‘he pressure of the atmosphere be diminished, the clastic
force required to balance it will be diminished also; and a< this
degpends upon the temperature, the heat required will Le less.
Con.equently, if the atmospheric pressure be diminished, boiling
will take place at a lower temperature ; if, on the other hand,
the atmospheric pressure be increased, more elastic force must
be possessed by the vapor before it can rise, and this it can not
have without additional heat ; boiling, therefore, must take place
at a higher temperature. This cau readily be shown by experi-
.ment. Remove the pressure from warm
water by means of the air pump, and it will
boil at the temperature of 70°, Fig. &7.
Sulphuric ether, in a vacuum, will boil at
—46°, or 140° lower than in the open air,
at a temperature such that water will easily
freeze in contact with it, as may be proved
by experiment. As we ascend in the at-
mosphere the pressure of the air diminishes,
consequently the boiling point is lowered.
So regularly does this decline take place
4 that it affords a measure of height. A fall
Water Boiling at700.  of 1° F. indicates an elévation of 596 feet.

On the contrary, at the bottom of mines the
boiling point is raised in consequence of the increase of the at-
mospheric pressure. At the Hospital of St. Bernard, on the
Alps, about 8,400 feet above the sea, water boils at 196°; on
the top of Mount Blanc, at 184°. In consequence of this low
temperature, it has been found difficult to cook foed by boiling
at these high points, as the solvent power of water, and its-efli-
cacy in cooking meats and vegetables, depends upon its tempera-
ture. This difficulty has been obviated by the use of Papin’s
Digester, an instrument to be deseribed hereafter. It is evident,
from this, that it is necessary to take the height of the barome-
ter into the account in all experiments upon the boiling points

What is the effect of removing the atmospheric pressure altogether? What is the
effect of elevation in the air upon the boiling point? What practical difficulty resalis
from this? What is the variation of the boiling point within the ordinary range of the
barometer? y < -
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of liquids. A variation of one-tenth of an inch makes a differ-
ence of more than J;° I\, so that, within the ordinary range
of the barometer, the boiling point of water may vary 5°.

162. Wollaston’s IIypsomeier. It has been stated that the
lowering of the boiling point, in proportion to the elevation
above the level of the sea, is made use of as a means of meas-
uring the height of mountains. It is only necessary to note
the temperature of water boiling at the base of the mountain,
and then at the point of elevation. (1° F. is equivalent to 596
feet in height.) An instrument for taking these observations
successfully, was invented by Archdeacon Wollaston, arranged
in such a way that a 1000th part of a degree of the thermome-
ter might be read upon the scale, and so delicate was it that the
effect produced upon the boiling point by the height of an ordi-
nary table could readily be ascertained.

16%. Influence of adhesion on the boiling point. Adhesion
of the liquid to the surface of the vessel has a decided effect
upon the boiling point; and as the degree of adhesion depends
upon the substance employed, the material of which the ve:sel
is made has some effect upon the boiling pont. Thus water
sometimes boils at 214° in a glass vessel, but falls to 212° if a
few iron filings be dropped in; this was first noticed by Gay
Lussac. If the inside of a vessel be varnished, the boiling will
sometimes not take place short of 221° and then will proceed
irregularly, the temperature falling to 212°, at every occurrence
of bo'ling. The presence of a little oil upon the surface of a
liquid also elevates the boiling point. Af.er sulphuric ac’'d has
been boiled in a glass flask, the boiling point is said to be ele-
rated five or six degrees. In all these cases the effeet is due
to the attraction of adhesion cxerted by the surface in question
upon the water, which tends to retain it in the liquid state, and ~
this ean only be overcome by an addition to the temperature.
It takes place with other liquids, as well as water, and with some
of them to a much greater extent. Though the temperature
of the boiling water may be thus elevated, the temperature of
the vapor formed is always at 212°, or at whatever point the
atmo ‘pheric pressure at the time may require. As a general
rule, however, the temperature of the liquid boiling, and the
vapor formed, are exactly the same.

165. The Lir dissolved in Water favors its Elullition.

163. Deseribe Wollaston’s Hypsometer.—154. What is the effect of adhesion on the
boiling point? Give some illustrations.—165 What effect has the air dissolved in
water upon its boiling? 1f air be entirely expelled from water, what results?
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Water possesses the power of dissolving air. This may be
proved by heating water in a flask, over a spirit lamp, when the
air may be scen to separate from the water in the form of
bubbles, and rise to the surface. These bubbles of air
furnish, as it were, an avenue of escape to the steam; and at
the same time, the presence of so large an amount of acriform
matter tends to diminish the cohesion of the particles of water,
and to facilitate the separation that is necessary to enable them
to assume the state of vapor. It the air be expelled from water
by long continued boiling, it may be heated in an open glass
vessel to the temperature of 860°, without boiling. The heat
thus collected in the water causes it to flash into steam almost
instantaneously, with a loud report, when it does boil, and the ves-
sel is generally broken ; the temperature of the vayor formed is
only 212°, and that of the water immediately sinks to the same
point. It is extremely difficult to expel all the air from water
boiling ¢n vacuo for come time will not effect it. If water, how-
ever, be slowly frozen, the air is entirely expelled, and if a lump
of this ice be immersed in heated oil, or turpentine, so as to melt
without coming into contact with the air, it may be heated to
many degrees above 212° without boiling, and will then suddenly
be converted into vapor with great violence. Liquids which con-
tain but little air, and which require but little latent heat to
pass into vapor, such as alcohol, ether, and sulphuric ac'd, boil
with great irregularity, and with sudden bursts, instead of wiih
the regularity and steadiness of water,

166. Solids dissolved in a Liquid elevate its Boiling Point.
The boiling point of a liquid is not changed by the presence of
foreign bodies, which are mechanically diffused through it like
sand or mud in water; but it is changed by all substances which
are capable of forming a true so'ution with it. Thus rosins
dissolved in alcohol, retard its boiling; salts dissolved in water,
elevate the boiling point; acids the same; alcoliol seems to
lower it. This is owing to the attraction of adhesion, exerted
by the substances in queatlon, which tends to bind the particles
of water closely to itself, and to prevent them from escaping.
A saturated solution of common salt boils at 227°; of nitre, at
240°; sal ammoniac, at 238°; chloride of calcium, 355°.

167. Increase of Pressure elevates the Boiling Point:—
Diminished Pressure lowers it. If water be boiled in a close

What is the effect of mtrodumng ice into heated oil of turpentine?—1F6. What effect
has the solution of solids in a liquid upon the boiling point?—167. What is the eﬁ‘ect
of increased pressure on the boiiing point?
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vessel, the steam collecting in the upper part soon pressez on
the surface of the water with so much foree as to put an entire
stop to the whole process of ebullition, and it will not recom-
mence until the water has been heated considerably above 212°.
This may be shown by boiling water in a strong glass flask, pro-
vided with a stop-cock, and having a thermometer immer:ed in
the fluid. The stop-cock being open, the water will boil at
212°; but if the stop-cock be closed, in a few minutes the boil-
ing will be seen to cease, so that there will be no agitation of
the surface, and it will not recommence until the thermometer
has risen several degrees. If then, at this moment, the stop-
cock be opened, the steam will rush out, pressure will be

Fic. 58. removed, boiling will recommence with
i great violence, and the thermometer im-
mediately sink to 212°; Iig. 58. It is
quite evident from this experiment that
increase of pressure elevates the boiling
point. If the spring safety valve screwed
upon the stop-cock be removed, and air
be forced into the flask, the stop-cock
then closed, and the flask placed over a
spirit lamp, a longer time will be required
than before for the water to boil, and it
will not do so until the thermometer has
risen considerably above 212°, depending
upon the amount of air forced in; this
also proves the effect of increased pres-
sure in elevating the boiling point. On
the contrary, if a flexible tube be attached
to this flask, and the air be exhausted by
the air pump, the water will boil at a
temperature lower than 212°, because
the natural pressure of the atmosphere
is removed from it.

168. Elevation of the boiling point
indicates Increase of Fressure. This
prineiple is very sati-factorily illustrated
in the apparatus of Dr. Marcet, repre-
sented in F%g. 59. B is a strong iron globe, about half filled
with water, and having mercury at the bottom to the depth of

Steam Flask.

Deseribe the steam flask.-—168. Ilow may increasc of pressure be inferred firom the
elevation of the boiling point?
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about an inch; ¢ is a thermometer screwed steam tight into the
globe and graduated as high as 500°. It indicates the tempera-
ture of the steam in the upper part of the globe; ¢ is a stop-
cock, which can be opened or shut at pleasure; a is a long and
strong tube, graduated into inches and parts of an inch, open
at both ends, and the lower extremity dipping beneath the level
of the mercury. The water is made to boil vigorously by the
flame of the lamp, and the stop-cock being open and steam
eseaping, the thermometer will indicate the temperature of
212°, and the mercury remain stationary at the foot of the tube.
The pressure of the steam at this moment, in the interior of the
apparatus is sufficient todrive out all the air,and amounts to 15 1bs.
upon every square inch. If the stop-
cock be now closed, the steam, having
no avenue of escape, begins to collect
in the top of the globe, and to react upon
the water. The pressure thus created
puts a stop to the boiling of the water.
The heat proceeding from the lamp is
no longer wanted in order to become
latent in the vapor, there being no vaper
formed ; the temperature of the whole
apparatus rises, and the thermometer
every moment indicates a temperature
steadily increasing above 212°, At the
same time the inereased pressure causes
the mercury to rise in the tube, @, and
it at length malkes its appearance above
the globe, s0 as to be plainly seen.  As
the temperature rises higher and higher,
the mereury in a advances steadily up-
wards, indicating the gradual increase of
the pressure in the interior of the boiler.
When the mercury has reached the
height of 30 inches, it is an indication
that the pressure in the interior of the
boiler is now two atmozphercs, or twi ¢
15 lbs. to the square inch, i. e., 3)
1bs.; and if the thermometer be
l_ noted at this moment it wiil be found to
DMarcet’s Apparatus. stand at 250°.  When the thermometer
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Describe Marcet's apparatus. What reduction must be made upon the actual press-
‘e in order to calculate the explosive forcg?
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has reached 275° the mereury will have risen 60 inches in the
tube, and the pressure will be 45 1bs. to the square inch; when
it has attained 294°, the mercury in the tube will have ascended 90
inche, and the pressure will have increased to four atmo ‘pheres,
or ) lbs. to the square inch. - As temperature rises, pressure
stead.ly increases, because with every addition of heat the
greater the tendency of the water to flash into steam, and eventu-
ally the globe will be burst by the process. If now, under
these creumstances, the stop-cock be suddenly opened, the
pressure will be removed from the surface of the water, a large
quantity wl flash into steam, absorbing an immense amount
of heat, and the mercury in the thermometer w 1l immediately
sink to 212°. 1t is evident, therefore, that the temperature of
the steam in a boiler is a sure exponent of the amount of the
pres-ure in the interior.

The pressures just given are the actual pressures produced by
the elastic force of the vapor, but as the atmosphere presses upon
the outside of the globe with a force of 15 1bs. to the square inch,
the pressure tending to burst the globe is found by ded iciing”
this amount from the actual pressure, and couns. quently 250° ot
the thermometer is said to indicate a pressure of 13 lbs., 275° a
pressure of 30 1bs., 204° a pressure of 43 1bs. to the square inch.
The sudden falling of the thermometer to 212° on opening the
stop-cock is explamned by the immense absorption of heat conse-
quent upon the rapid passage of so much water from the liquid to
the aeriform state. That it is not owing to the escape of the stcam,
but to its formation, might be shown by discharging the steam
intoa c'ozed vessel, heated to 212°, from whi h
none of it cou'd escape. At the close of the
experiment the steam in the closed vessel
would be found to be only at the temperature
of 212°. The water in the boiler has then
lost heat, but nothing else has been apparently
heated by it. The diminution of temp-rature
is due, therefore, to the sudden passagn of a
quan’ity of water into the state of vapor, by
which a large amount of heat has been made
latent and become insensible to the ther-
mometer.

: ] 169, The Culinary Paradoxz. Water
Culinary Puralcx.  Tmade to boil by the application of Cold. We

Fig. 60.

169. Describe the culinary paradox, and explain it.
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have seen that boiling has been made to cease in the steam
flask, £7g. 58, by closing the stop-cock. 1t can be made to re-
commence by the application ol cold water. The effect of the
cold water is to condense the steam in the upper part of the
flask ; consequently there is a vacuum formed; pressure is
removed from the surface ot the water, and it will recommence
boiling with great violence. 1If, at the moment when the water
first begins to boil again, the stop-cock be opened, the air will
rash in with a hissing noi e, showing conclusively the existence
of the vacuum. This experiment may be performed with an
ord'nary glass flask. Boil a little water, and when the steam is
escaping, cork it tightly; take it from the lamp and pour cold
water over the upper part; the boiling will recommence and
proceed with vigor; apply hot water, and it will again cease.
Remove the cork beneath the water and the inverted flask will
be at once filled, showing the formation of a vacuum by the
condensation of the steam. Fig. 60.
179. Expansion of Liquids in passing into Vapor,—espe-
cially water, in forming. Steam. Vapors occupy more space
than the liquids from which they are pro-
Fig. 61. duced. Water, at its point of greatest densi-
ty. viz., 39.5° expands in passing into vapor,
1696 times, or in round numbers, 1700 times ;
i. e.,, a cubic inch of water makes about a
cubic foot of steam. Alcohol expands 493
times ; ether, 212 times. The amount of this
expansion in the case of water may be readily
shown by the apparatus represented in Z%g.
61. The cylinder, b, is fitted with a steam-
tight piston, @ p. The weight of the piston
is accurately balanced by means of the weight,
w, so that it will remain stationary in any
position in the eylinder in which it may be
placed, without tending to move up or down,
and exerting no pressure upon anything
placed below it. Now let a very small
quantity of water be introduced into the
cylinder below the piston, and the heat of
: a lamp epplied. The temperature of the
‘Erpansion of Water. 'Water will steadily rise to 212°, after whica

170. What i= the expansion which different liquids undergo in vaporizing? How may
¢nis he proved in the case of water?  1f water be boiled below 212° what effect has
tLis on expansion?
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it will remain stationary, and an invisible vapor or gas will be
formed, and the piston gradually rise. This process will go on
until the whole of the water has been eonverted into steam.
On measuring the space occupied by the steam and compar'ng
it with the space occupied by the water at the commeneement
of the experimert, it will be found to be 1696 times greater;
in other words, the water, in passing into vapor, has expanded
1696, or nearly 1700 times; and as a cubic foot contains 1723
eubic inches, we may say in round numbers, that a cubic inch
of water will make a cubic foot of steam. This expansion
takes place against the pressure of the atmosphere, (the piston
lifting the atmospheric column as it rises) which amounts to
15 Ibs. on every square inch. If this pressure were diminished
the water would expand more than 1700 times in passing i.to
steam ; if it were increased, it would expand less. In general,
however, as the average pressure of the atmosphere is about
15 1bs. to the square inch, we conclnde that water, passing into
the state of steam, in the opern air, expands 1700 times. If
water be boiled at a temperatare lower than 212° the expans’on
which it undergoes in passing into vapor will be proportionably
increased; thus, if it be made to boll at 77°, one eubic inch wi:l
expand into 23,090 cubic inches of vapor; if it boil at 68°, it will
expand into 58,224 cubic inches. This expansion of water, in
passing in‘o steam, is one of the moving forces in the steam
enz'ne, and the efficient working of this extraordinary machine
depends upon this simple fact.

171i. Condensation of Steam or its reconversion into
Water, by decrease of temperaturs. One of the mo-t remark-
able properties of steam is its ready condensation into water,
occupying 1700 times less space than itself as soon as its tem-
perature is reduced below 212°. Thus, it in'o the eylinder, repre-
sented in Fig. 61, in which the piston has been driven up by
the conversioa of the water into steam, a little co'd water at
32° be introduced beneath the piston, the steam will be instantly
condensed into water, occupying 1700 times less space than the
vapor; a vacuum will cousequently be fo-med beneath the pis-
ton, and as the cylinder is open to the air at the top, the press-
ure of the atmosphere will drive the piston down with a force
of 15 Ibs. to every square inch. If the pistoa possess an
area of one square foot the atmospheric pressure will be ob-

171. How may steam readily be reconverted into water? What effect is produced upon
the steam in a steam cylinder by injecting cold water? What force is brought into play
by this condensation ?
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tained by multiplying 144, the number of square inches in this
area, by 15==2160 lbs.; in other words, the atmospherie pressure,
in this case, will be almost one ton. The completeness of the
vacuum, and the degree of atmospheric pressure, will depend
upon the temperature of the condensing water; if it be not so
co.d as 32° the vapor will not be entirely condensed, the vacuum
not o perfect, and the atmospheric pressure proportionably di-
m'nished. Hence we have a second force, brought into play by
the vacuum created by condensed steam. Both these forees,
the expansion of water in vaporization, and the atmospheric
pressure. are employed in the condensing steam engine.

- 62 172. Wollaston's Steam Bulb. Both
these forces are admirably iilustrated by
a little instrument represented in ZI7g.
62. It consists of a inetallic bulb, sur-
mounted by a eylinder of the same, into
which a steam-tight piston is fitted. The
bulb should be half filled with water and
held over a lamp. When the water
boils it expands, in passing into steam,
1700 times, and drives the piston up.
Now remove the lamp and dip the bulb
into cold water; immediately the steam
is condensed, a vacuum is formed, the
pressure of the atmosphere is brought
into action, and the piston is driven down
with very considerable force. In the
steam engine this double process is re-
peated alternately on each side of the
piston for every stroke. The great im-
provement of Mr. Watt, in the steam en-

Wollaston's Steam Bulb. g'ne, consisted in condensing the steam

in a condenser, separated from the cylin-
der, so0 as to avoid the necessity of cooling the eylinder below
212°, or the boiling point of water, for every stroke of the pis-
ton.

173. The Steam Engine. This wonderful machine was per-
fceted by Mr. James Watt, of Glasgow, in Scotland, alout the
year 1765. His great improvement consisted in the condensa-
tion of the steam in a vessel appropriated exclusively to this
purpose, called the condenser. Ie was thus led-to notice the

172. Describe Wollaston’s steam bulb. What two forces does it illustrate2—173. Who
invented the steam engine?
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immense absorption of heat which takes place when water is
converted into steam, and its evolution again when the steam is
condensed in‘o water,—a subject which had been previously
investigated by Dr. Black, who was at that time Prof. of Medi~
cine and Leeturer on Cll"mlstl} in the University of Glasgow,
and an intimate friend of Mr. Watt. The following is the ac-
count given by Dr. Black of the successive 5teps in the im-
provement of the steam engine: “About that time Mr. Watt
came to settle in Glasgow, a3 a maker of mathematical instru-
ments ; but being molested by some of the corporations, who
considered him as ah intruder on their privileges, the University
protected him by giving him a shop within their precinets, and
by conferring on him the title of ¢Mathematical Instrument
Maker to the University.” I soon had occasion to employ him
to make some things which I needed for my experiments, azd
found him to be a young man possessing most uncommon tal-
ents for mechanical knowledge and practice, with an originality,
readiness, and copiousness of invention, which often surprised
and delighted me in our frequent conversations together. A
few years after he was settled at Glasgow, he was employed
by the Professors of Natural Philosophy to examine and rectify
a small model of a steam engine which was out of order. This
turned a part of his thoughts and fertile invention to the nature
and improvement of steam engines, to the perfection of their

machinery, and to the different means by which their great con-
sumption of fuel might be diminished. He soon acquired such
a knowledge on this subJe('t that he was employed to plan and
ercct several engines, in different places, while at the same time
he was frequen[ly making new experiments to lessen the waste
of heat from the external surface of the boiler, and from that
of the cylinder. But after he had been thus employed a con-
siderable time he perceived that by far the greatest waste of
heat proceeded from the waste of steam in filling the cylinder.
In filling the cylinder with steam, for every stroke of the com-
mon engine a great part of the steam is chilled and condensed
by the coldness of the cylinder before this last is heated enough
to qualify it for being filled with elastic vapor, or perfect steam;
he pereeived, therefore, that by preventing this waste of steam,
an incomparably greater saving of héat and fuel would be at-
tained than by any other contrivance. It was thus that, in the
beginning of the year 1765, the fortunate thought occurred to

““Give the history of its imptovement.
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him of condensing thé steam by cold, in a reparate vessel, or
apparatus, between which and the cylinder a commuuication
was to be opened for that purpo=e every time the steam was o
be condensed, while the cylinder itself might be preserved jer-
petmlly hot, no cold water or air being ever admitted into its
cavity.” Such is Dr. Black’s account “of the invention of the
steam engine. It was soon brought, by Mr. Watt, to the high-
est de«rn,e of peszctlon, s0 as to leave hardly an)thm«r to be
d ‘sn'eJ cither in regard to its principles, or mechanical details.
T'he model alluded to by Dr. Black is still preserved in the
Cabipet of the University of Glasgow.

174. Two forms of the Steam Engine. There are two

o "‘.fmms of it, differing essentially from each other, viz., the con-

den ing and non-condensing engine. In the iotmer, Loth the

-~ two forces descr:bed above, wiz the expansive force of steam,
and the pressure of the atmo~phe1e brought into play by its
(‘Ond(,nS'lthU, are employed; hence this is called the con-
densing engine, or, the low-pressure engine. In the latter, only
one of the two forces described, viz., the expansive force of
steam, i3 employed; and as only this one force is used, it is
necessary, in order to obtain an equal effect, to make use of
steam possessing an expansive power of at least 15 lbs. to
the square inch greater than in the condensing engine; conse-
quently this is called the non-condensing, or hlgh-pressure en-
gine.

175. Condensing and Non-condensing Engines. The dif-
ference between the two forms of the steam engine is indicated
in Fig. 63. In 1, the piston having been driven down by the
steam, is rising again by the pre=sure of a fresh supply from the
boiler through the pipe, . The steam that drove it down is,
issuing through the stop-cock at the top, which is open for its .
escape, into the air, and it'is very evident that the piston in ris-
ing 1s acting against the pressure of the atmosphere, and has to
lift a column of air of the same area with itself, extending to
the upper limit of the atmosphere, and pressing with a weight of
15 Tbs. upon every square inch; all of which the steam below
the piston is obliged to raise. In order to raise this immense
weight, amounting to nearly 2200 1bs. to the square foot, the
steam must be of high pressure; and as it is also let off into the
air and escapes after having done its work in driving the piston,

174. Wimt are the two forms of the steam engine? State the difference between them.
—175. Describe Fig. 63,showing the difference between the condensing and non-con-
densing engine.
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without being condensed, this form of the steam engine has re-
ceived the name of the High-pressure and Non-conden-ing en-
gine. In 2, the piston having been driven down by the force of
the steam, is ascending by the pressure of a fresh supply from

Fig. 63.
1 £ 2 /' //;

the boiler through the tube B. The steam that drove it down,
however, instead of escaping through the stop-cock ¢, which is’
closed, passes through the stop-cock 0, into an adjo'ning vessel,
¢, called the condenser, where it comes into contact with a
stream of cold water, by which it is immed:ately conden-ed into
a quantity of water 1700 times less than itself, and a vacnum
at once created. As soon as this takes place, the steam still
remaining in the cylinder, rushes through o, into the condenser,
where it is also at once condensed’; thus the process goes on,
until a vacaum, more or less perfect, depending upon the cold-
ness of the condenser, is produced, not only in the condenser,
but also extending into the cylinder. There being, there‘ore, a
vacuum in the upper part of the cylinder, it is evident that the
piston has no atmospheric column to lift, pressing with 15
Ibs. to the square inch, and it need not, therefore, possess
as much expanzive force by exactly this amount: hence its
name of Condensing and Low-pressure.

176. The Steam Engine in its most complete form. In
the steam engine, in its complete formn, there is an arrangement
by which the steam from the boiler can be supplied to both
sides of the piston alternately, and then, having done its work,

176. Describe the condensing steam engine in its most complete form. Show how the
piston is made to work in a vacuum.
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The Condensing Steam Engine.

be discharged from both sides alternately in‘o the condenser.
In Fig. 63, the discharge pipes into the condenser are seen at
o and c. Consequently there is always a vacuum in the cyl-
inder, extending into it from the condenser, on that side of the
piston opposite to that on which the steam from the boiler is
pressing; so that, in moving in both directions, the pision is
working in a vacnum, and the pressure of the atmosphere is
altogether taken off. This constitutes the most perfect form of
the steam engine, and is represented in Fig. 64. A represents
the cylinder, having a portion of one side removed to show the
interior. .s is the pipe, through which steam enters from the
boiler. U is the pipe conveying the steam from the cylinder to
0, which is the condenser. Here it is conden ed into water by
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cold water thrown in through the pipe T, by the pump ®. The
water thrown into the condenser for this purpose, and that which
is formed by the condensation of the steam, is drawn off by the
pump ¥, in order that the condenser may be prevented from
filling, and is discharged continually into the well N. It is very
hot from the latent heat given forth by the condensed steam,
and advantage is taken of this by using it to replenish the boiler,
which is done by means of the pump Q. The piston, therefore,
it will be seen, works continually in a vacuum, and the motion
communicated to it is transmitted by means of the working
beam L, and the coanecting rod 1, to the crank X, by which an
impetus is imparted to the fly wheel v. From the direction of
the arrows it will be seen that the piston is going down, the
connecting rod 1 is going up, and the fly wheel is turning towards
the left. The non-condensing or high pressure engine resem-
bles the above, exactly, except in the omission of the apparatus
beneath the upper plate, viz.,, the condenser o, the pumps
and R. The pump q is retained to feed the boiler. The pipe
U, instead of continuing to 0, is broken, turned upwards, and
discharges steam by putfs into the air.

177. Latent Heat of the Condensing Engine. It is evident
from the prineiples laid down above, that the condensation of
this large amount of steam is attended by the giving out of the
enormous quantity of latent heat which it contains, viz., 10007,
which has a tendency to heat the condenser very hot, and to
impair its efficiency. It is evident, al o, that if the condenzer
becomes heated to 212° no more steam can be condensed.
To prevent it from becoming thus heated, a great quantity of
cold water must be used. The condensing engine can not,
therefore, be employed except where a large amount of cold
water can readily be obtained. It is unfiited, therefore, for use
in locomotives. In consequence of the additional size of the
engine and the larger amount of machinery required, it can not
be employed in confined situations of limited extent, and in
steamboats on shallow waters. The magnificent marine engines
of ocean steamers are, however, always condensing engines, and
s0 also are the ponderous engines used for draining mines and
punping water for aqueducts. The Cornish steam engine is a
peculiar form of the steam engine used in the mines of Corn-
wall, for the purpo-e of raising water.

177 Explain the large amount of heat set free by the condensation of the steam in the
condensing engine.
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178. The Boiler. The steam engine consists of two parts,
quite distinct from each other: 1st, the machinery, by which
the power is made to produce motion ; (this has been already de- .
scribed,) and 2d, the apparatus in which the power it-elf is gene-
rated. The Boileris the instrument for the production of power.
It consists of a strong copper or iron vessel, F7g. 65, made of

Fig. 65.

RSN

well rolled plates of metal strongly riveted together. Usually
it is eylindrical in shape, and if possible, the fire box containing
the coals, and the flues by which the smoke is carried off, are
contained within the boiler, in order that every particle of heat
generated may go to the production of steam. The steam, as
it is formed, collects in the upper part of the boiler, and fresh
portions being continually added to it, all of which tend to
occupy a space 1700 times greater than the water from which
they are formed, it is obvious that its tension is steadily inereas-
ing, and a very powerful pressure exerted upon the water and
the sides of the boiler. The temperature, at the same time,
steadily rises, and if there be no opportunity for the steam to es-
cape, the boiler will finally explode. To prevent such a catastro-
phe, a safety valve is provided ; see s v in #ig. 65. This consists
of a small piece of iron or brass fitting tightly over an aperture
in the top of the boiler, and confined in its place by a heavy
weight. So long as the steam exerts a less pressure upon the
under side of the movable plug, than the weight, it will remain

. 178. Into what two distinct parts may the steam engine be divided? Describe the con-
struction and arrangement of the boiler.
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in its place, and the steam can not escape; but whenever it has
accumulated to such a degree as to press upon the plug with a
power greater than the weight, it will raise it, and escape into the
air, until the pressure in the inside is made equal to the pressure
on the outside.  Usually, this movable plug is kept in its place
by a lever, from one end of which the weight is suspended.
"This may be seen at s v, in Fig. 65; also, at A, in Fig. 71. 'The
pressure in the interfor may be measured by means of the mer-
curial gauge that has been described in the account of Marcet’s
apparatus, (§ 168,) or by others depending on different prineiples.
By the operation of the safety valve, and a careful observation of
the gauges, the danger of explosion is guarded against. When
the temperature of the water has risen to 250° there is a pressure
of 30 1bs. to the square inch in the interior of the boiler; when
itias mounted to 275°, there is a pressure of 45 lbs.; at 294°,
a pressure of 60 lbs., &e.; but as the atmospheric pressure on
the outside of the boiler, tending to bind its plates more firmly
together, amounts to 15 lbs. on every square inch, the actual
internal pressure tending to burst the boiler, or the working
power of the steam, is the excess of the total pressure over 15
Ibs., and is found by subtracting 15 from the number indicating
the total pressure. The explosive force for 250° is, therefore,
15 Ibs. s for 273°, 30 lbs.; 294°, 45 Ibs. This fact must be
constantly borne in mind in all calculations upon the pressure
upon the inside of boilers. The steam, when formed, collects
in the upper part of the boiler, and is conveyed to the cyl-
inder by the pipe s which is commanded by a stop-cock, under
the control of the engineer; a is a pipe for supplying the boiler
with water; n is ai opening by which it may be entered and
cleansed; b is a lower portion of the boiler, communicating with
the upper by means of the tubes P P, and intended to facili-
tate the production of steam; ¢ is the fire box; » the grate;
the course of the smoke and flame is indicated by the arrows;
after passing beneath the lower boiler, they cireulate around the
upper, and finally escape by the chimney ¢, commanded by the
damper R. The locomotive boiler, as will be seen presently,
is arranged upon a somewhat different plan.

179. The Boiler is not only an instrument for converting
water into vapor, but also for compressing this vapor. In
order to obtain any mechanical power from steam, it is not suffi-
eient simply to convert the water into vapor; if this be all that

179. How is the requisite compression of the vapor formed in the boiler effected ?
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is done the steam would have no more mechanical power than
an equal volume of air of the same temperature : all that would
have been accomplished would have been to convert water into
an aeriform fluid, no more. In order to obtain any mechanical
power from steam, it must be compressed, just as in the case of
air. If we wish to make use of the elasticity of air as a moving
power, we must compress it by powerful forcing pumps; a large
quantity of air is thus packed into a small space, and as it tends
to return to its original volume in consequence of its elasticity,
it is ‘evident that we have here a very considerable source of
power. In the same way, if we wish to obtain power from
steam, we must compress it, and at the same time elevate its
temperature. DBoth these conditions are requisite. If steam
be compressed without any addition to its temperature, a portion
is reconverted into water, and its elastic force remains wn-
changed ; if, however, it be powerfully compressed, and at the
same time clevated in temperature, its elastic force is enor-
mously increased. This will be made more clear hereafter.
These conditions being preserved, the more powerfully it is
compressed, the more violently does it tend to return to its orig-
inal volume. The only difference i3, that instead of compress-
ing the steam by pumps, we do it by forming more and more
steam from the water within the boiler, and every fresh forma-
tion more forcibly compresses that which existed lefore, and
proportionably increases its elasticity. This soon generates an
-enormous power, which not only endangers the boiler, but also
reacts upon the water, and tends to stop the formation of addi-
tional steam; to overcome this tendency the temperature must
be steadily elevated. It is therefore by increasing the heat that
the expansive power of steam is augmented; but the two do
not increase at an equal rate; the power increases much faster
than the temperature, and when we reach very high tempera-
tures, such as 400°; an addition of 4° or 5° to-the temperature
of the boiler adds as much to the elastic power of the steam as
40° added to it at the temperature of 212°. Tt will be observed
that for this process to go on, there must be a continued supply
of water in the boiler; if the water has all boiled away then
the steam is only increased in volume by the increase of tem-
perature, at the same rate as so much air would be, i. e., for 1°,
23 of the space it occupied at 82°. The steam being thus
formed and thus compressed, tends to rush forth with great fury.
It presses upon all areas of the boiler of equal size, with equal
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power, and if a section of the boiler were movable, it would
press it steadily outward.

180. Law of the Propacation of Pressare through F’lm.is.
This equal distribution of pressure is owing to the Taw of the
propagation of pressure through fluids, both in the state of
liquids and in that of vapors or gases, viz., that a force applied
to a fluid at one point, is propagated through it eqmlly in all

directions. This is illustrated in Fig.
Fig. 66. 66, where a closed vessel being en-
X tirely filled with water, and having a
number of pistons pressed down upon
the liquid on all sides, and there being
two weights of five pounds each or a
force of 10 Ibs. applied upon the
piston A, this pressure of 10 Ibs. is
propagated equally in all directions,
and every one of the other pistons, B,
¢, D, E, having an equal area, tends to
move outwardly with the same force,
Pressure Propagated in Fluids. ViZ., 10 lbs. The same would be
true if the vessel were filled with air,
or any other aeriform fluid, like steam. Nor does it make any
difference whether the internal pressure be produced from with-
out as in F¥g. 66, or from within by internal expansion, as it
would be if this water were converted into steam, occupying
1700 times more space than before. In any case the pressure
which is exerted upon any area of the inside surface of the
boiler, as a foot square, for example, will be exerted to an equal
degree upon every other area of equal size. Nor does the
shape of the vessel make any difference, however irregular this
shape may be. If a tube be carried from one vessel to another,
at some distance, so long as this tube is open and the passage
free from obstruction, the pressure upon any definite area in the
first vessel will be propagated through the fluid in the tube,
whether it be liquid or vapor, and be exerted to the same degree
upon every equal area in the second vessel. Coneequently if
there be a pressure of 60 Ibs. to the square inch at one point of
the internal surface of a boiler, there is the same pressure to
the square inch at every other point in the boiler, or in any closed
vessel connected with the boiler by an open tube or pipe.

180. State the law of the propagation of pressure through fluids.
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181, Mode in which the Pressure is transmitted from the
Boiler to the Cylinder. On attaching to the upper part of the
boiler, B, a tube leading to the bot-
tom of a cylindrical chamber, ir
which there is a movable piston, as
is represented in Fig. 67, it is evi-
dent that the steam will at once fill
the tube; the cylinder ¢ will be-
come a part of the boiler, and the
steam will press upon the lower
side of the piston P with the same
force precisely as upon an equal
area of the boiler. If the steam
exert a pressure in the boiler of
= S 60 Ibs, to the square iuch, it will
g M. oy ort the same:1 pressure in the

Pressure transmitted from Boiler . g q
to Cylinder. cylinder. If the piston in the cyl-
inder have a weight upen it, which
presses it down with the force of 60 1bs. to the square inch, it will
not be moved from its position; but if it be pressed by a weight
less than 60 1bs. to the square inch, it will be driven to the top
of the cylinder, If, when it has reached this point, the steam
through another pipe be brought to bear upon its upper side,
while at the same time it is shut off from the lower side, and
the steam confined there, be let off into the air, it is evident that
the piston will be driven down again with the same force as
it was driven up. The piston, then, may be looked upon as a
movable section of the boiler, which is alternately driven up and
down by the steam admitted upon its under and upper side;
and if machinery be attached to this movable piston, it will par-
ticipate in its motion,

182. Explosion of Steam Boilers. A boiler like that repre-
sented in Fig. 65, if made of good materials, may be gradually
heated to a degree much higher than 212°, without any a-ger
of bursting, so long as the engine is working and the water
covers all the parts which are exposed to the direet action of
the flame, because, under these circumstances, no portion of the
boiler can be heated hotter than the temperature of the wa‘er
itself. But if the water should, from any cause, fall so low
that some of the parts exposed to the flame should have no

181. How is the pressure transmitted from the boiler to the cylinder? Why may the
piston be regarded as a movable section of the boiler?—182. What is the cause of the
explosion of steam boilers, and how may they be prevented?.
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water upon the inside to keep them cool, these might become
red-hot, and when the boiler was replenished with water, this
coming into contact with the red hot iron, would instantly pro-
duce a vast volume of steam of immense expansive power, and
before it could raise the safety valve and escape, the boiler
would explode. Such accidents are very likely to happen
immediately upon setting an engine in motion, after stopping
it for a short time. During this interval of quiet, the water
steadily boiling away, and its level falling, may at length sink
below the top of the flues, and a portion of the boiler become
heated very hot, no water being forced in to supply the place of
that which is evaporated, in consequence of the stoppage of the
pumps. If, at the same time, the safety valve be shut, the steam
formed will react upon the surface of the water with so much
force as finally to stop the ebullition, and keep its surface per-
feetly quiet, but still with a constantly increasing tendency to
boil with vehemence, as we have seen illustrated in the steam
flask, (§ 167.) Now, under these circumstances, let this press-
ure be removed by the starting of the engine, The water will
recommence boiling with so much fury that it will be dashed
aginst the top of the boiler, and coming into contact with the
too highly heated portions, it will flash into steam of such ex-
pansive power that nothing can control it, and an explosion will
result.  Or, suppose that, the water boiling away, and the boiler
becoming too lot, the safety valves at first are opened, so that
the steam, as ffwt as formed, escapes, and the boiling is not
checked as before, and aftuward~ at the instant of st'unnff that
these valves are closed; then the pumps beginning to work at
the same time with the engine, speedily bring up the level of
the water to the too highly heated iron, and an explosion resulis
as before. It is a point, therefore, of the first impartance, for
the engineer to keep a vigilant eye upon the level of the water
in the interior of the boiler, This may be observed by having
stop-cocks at different levels, which from time to time must be
opened to ascertain if they discharge water or steam; or by a
curved tube of glass, conneeted with the boiler, in such a way
as to show the height of the water, See 0, in boiler, Fig, 126,

There are other means by which the same end may be at-
tained. Let s, in Flig. 65, represent a steam whistle, which can
be made to sound by pulling a wire from below, attached to the
ﬂoalt, Jf>and let it be arranged in such a way that when the float

Why is it necessary te keep a vigilant eye upon the height of the water in the boiler?
How may this be ascertained ?
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has sunk to a certain fixed point it will sound the whistle, then,
whenever the water in the boiler has declined so far as to en-
danger its safety, the float descending with it will open tlLe
whistle, and sound the alarm.  Again, let e be a weight, attachied
to a cord passing over a pulley, and descending through the
upright pillar, £, until it enters the boiler and is attached to the
float, f; as the float falls from the gradual sinking of the water,
it draws the weight up, and being placed in full view of the en-
gineer, indicates the danger within.

183. Boilers of Locomotives. The boilers of locomotives are
constructed somewhat differently from others. One peculiarity
of the locomotive consists in its rapid motion, and proportion-
ably great consumption of steam. Four cylinders full of steam
are required for every revolution of the wheels. The boiler
must therefore be constracted in such a way as to produce
steam very fast. To this end the fire box, b, Fig. 68, is en-
tirely surrounded by water, sothat all the heat produced is
obliged to go to the formation of steam; the flame and smoke
are then carried through a large number of small pipes, indi-

cated by the arrow in

Fig. 8. the figure, which pass

through the boiler, and
terminate in a chamber
immediately beneath the
chimney. These tubes
expose a very large
heating surface, and are
also surrounded by
water; all the heat pro-
duced is therefore com-
pelled to enter the water,
and the formation of
steam is made wonder-
D e : fully rapid. 1In the fig-

ure, E represents the

steam dome, from the upper part of which the steam is con-
veyed to the cylinders through the pipe . In this manner the
spray and water are prevented from surging into the cylinders.
As the smallness of the tubes tends to diminish the draught, the
steam, after having done its work in the cylinder, is discharged

183. Describe the boiler of the locomotive. Why is it necessary to make steam so fast?
How is tae draught maintained ?

‘
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through a pipe directly into the air chamber beneath the ch’m-
ney, and rushing violently upwards, drives all the air before it,
precisely as the plunger of a pump would, if' similarly situated.
A vacuum is consequently created behind it, in the lower part
of the chimney and air chamber; and this must be supplied by
a rush of air through the fire grate, the fire box, and the tubes.
The combustion is at once increased and made more and more
vigorous with every puff of steamn. In this way a draught is
created equal to that of a chimney 80 or 90 fecet in height; the
more rapid the movement of the engine, the more powerful the
draught, and the more abundant the production of steam. This
mode of increasing the draught by discharging steam into the
chimney is the great improvement made in the steam engine
by Mr. Geo. Stephenson, by which it was adapted for use upon
ra:lroads.

‘When steam is discharged in jets through a pipe into the lower
part of another tube, it always tends to produce a vacuum below
it, and an arrangement of this kind is often employed for the pur-
pose of ventilation. Steam thus escaping expands enormously
as it enters the atmosphere, and so much heat becomes latent
by this expansion that the hand placed in the jet actually ex-
periences a sensation of cold, even though the temperature of
the steam may be comlderab]y higher than 212°. The cooling
effect is increased by the rapid intermixture with the air.

184. The alternating movement of the Piston, how pro-
duced.—The Valves. It now remains to consider the means by.
which the steam is admitted alternately above and below the
piston. This i3 accomplished by means of the valves. There
are many different forms of valves; but the simplest, and on
the whole the best form, is the sliding valve represented at G,
Iig. 69. Upon the side of the cylinder is fitted a chest through
which all the steam which is admitted to the piston must pass.
This is called the steam chest. The object of the valve is to
direct the stcam from the steam chest first to one side of the
piston and then to the other, at the same time allowing that upon
the opposite side to escape either into the open air or into the
condenser. In order to accomplish this end the two tubes con-
veying the steam to the two ends of the cylinder are made to
terminate quite near each other, as is represented in ZFvgs. 69
and 70, and over them there is made to slide, steam tight, the
piece of metal, ¢, which is moved by means of the rod, &,

Show how steam can be used for ventilation.—184. Explain the mode in which the
alternating motion of the piston is produced.
&
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through the steam-tight packing box, B. When it has slid over
one passage, it has opened the other, and eice versa. In I7g.
69, the passage, 1, is open, and the passage, H, is closed. The
steam is consequently pressing upon the under side of the pis-

Valve driving Fiston up. Valve driving Piston down.

ton, and it is rising to the upper end of the cylinder. When it
reaches the top, the valve is moved by the action of the engine
so as to open the passage, 1, as in Fig. 70, when the passage,
1, becomes closed, and the piston begins to descend. In this
manner, by moving this slide, the steam is admitted first to one
side and then to the other of the piston.

The next point is to provide for the escape of the steam from
the end of the cylinder towards which the piston is moving, into
the open air, or into the condenser. This is accomplished by

making the under side of the skiding valve hollow, so that, at .

the same time that it cuts off the tube over which it is moved
from communication with the steam of the steam ehest, it furn-

Describe the valves.



THE EXPANSIVE POWER OF STEAM 155

ishes a way of escape for the steam in the cylinder into the
escape pipe, T. In Flig. 69, the steam from u is passing into
the escape pipe, T, through the under side of the valve. In
Fig. 70, the steam from 1 is passing into the same escape pipe
through the groove on the underside of the valve. By this
simple contrivance the alternate motion of the piston is pro-
duced. -

185. Steam may be used expansively. When it is desired
to make use of the direct pressure of the steam from the boiler
for a portion only of the stroke of the piston, the steam is shut
off, at the proper point, by a cut-off valve. The steam that has
been admitted into the cylinder having been strongly compressed
in the manner described in § 179, has still great elastic
force, and tends powerfully to enlarge its volume, and it will con-
tinue to urge the piston to the end of the cylinder by the action
of this expansive tendency, notwithstanding the connection with
the boiler has been entirely broken. This is called using steam
expansively, and is one of the inventions of Mr. Watt. The
cut-off valve may be arranged so as to cut-off the steam at any
portion of the stroke of the piston, when it has moved §, 4, § or
2 of the length of the cylinder. It is obvious that the sooner
the connection with the boiler is cut off the greater the saving
of the steam, and the more economical the working of the en-
gine. The cut-off is sometimes a separate valve, sometimes
merely a modification of the slide valve. It is capable of ad-
Jjustment by the engineer, according to the work to be performed
by the engine. .

186. The cxpansive power of Steam increases with its
temperature. The expansive power of steam increases amaz-
ingly with the temperature at which it is formed, so that, if a
portion of the material of the boiler, in consequence of the
want of water, should have become heated to 415° F., the ex-
pansive force of the steam produced would be 300 pounds to
the square inch; or upon one square foot 43,200 pounds, more
than 20 tons. This pressure, however, must be diminished by
15 pounds to the square inch, because the pressure of the
atmosphere on all sides of the boiler tends to counteract the
expansive force of the steam to this extent. It is quite evident
that a force of this degree of power weuld burst almost any
boiler, however great its strength. The following table, founded

185. What is meant by using steam expaunsively? What is the advantage of cutting
off steam ?—186. What is the effect upon the expansive power of steam of increasing its
temperature ?
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upon the experiments of Regnault, shows the increase in the
pressure of steam corresponding with the increase in its tem-
perature.

Regnault's Table showing the Pressure of Steam at diffvrent temperatures.
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1 2120 11 |150 Ibs.| 364°.2 | 7-.6
2 15 lbs.| 249°.5 | 37°.5 12 |165 « | 371°1 | .60.9
3 30 ¢ | 273°.3 | 23°.8 13 |180 « | 377°.8 | 6..7
4 45 | 291°.2 | 170.9 14 195 « | 384°.0 | 60.2
5 60 ¢« | s06° 14°.8 15 |210 % | 390°.0 | 6-.0
6 75 « | 81822 | 120.2 16 |225 “ | 39504 | bo.4
{7 90 | 829°.6 | 11°4 17 |240 “ | 400°.8 | bo.4
8 (105 “ | 339°5 | 9°.9 18 | 255 “ | 405.9 | 5°.1
9 120 ¢ | 348°.4 | "8°.9 19 270 “ | 410°8 | .4°.9
H 135 “ | 356°.6 | 8.2 20 (283 ¢ | 41574 | 4.6

This table corresponds very mnearly with one constructed
many years since by Dulong and Arago. They made the
temperature of steam at 30 atmospheres, 418°.46; at 50 atmo-
spheres, 510°.60. It will be observed that the number of de-
grees required to add an additional atmosphere is much smaller
at high than at low temperatures, i. e., the greater the pressure,
and the higher the temperature, the smaller the number of de-
grees necessary to be added in order to increase the elasticity
and expansive power of the steam. Thus,if the steam be at 212°,
it is necessary to add 37°.5 of heat.in order to increase its press-
ure by 15 Ibs.; while if it be at 410° only 4°.6 are required. This
i3 one of the principal reasons for the increased economy of power
in using steam at a high, rather than at a low pressure.

187. No economy of Fuel in boiling Water at a low tem-
perature. As water may be made to boil at a temperature of
70° in a vacuum, it has been a question whether, by the removal
of the atmospheric pressure from the boiler, a great economical
advantage might not be gained in the saving of fuel. Mr. Watt
ascertained, by careful experiment, that nothing is gained in
this manner, because the lower the temperature at which the
steam is formed the greater the amount of latent heat which it con-

Give the general results of Regnault’s table.—187. Why is there no economy of fuel
I boiling water at a low temperature? Who ascertained this fact?

’
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tains. DBy condensing steam formed at this temperature, and
observing the quantity of heat which it communicated to a given
weight of w ater, he ascertained that its latent heat, instead of
bunrr about 1000°, was between 1200° and 1300°. It is now
a well recognized principle that whatever be the temperature at
which steam or vapor may be formed, the sum total of the heat
contained in it, both sensible and ins en>ible, is nearly the same.
Thus, according to the experiments of Clement and Desormes,
a certain wewht of steam at 212°, condensed into water at.32°

gave out,

Sensible heat, . . . . . . 180°.
Latent heat,. . . . ... 950°. Total, 1130°.

The same weight at 250°, gave out, i
Sensible heat, . . . . . . 218°. Jid
Latent heat,. . ... .. 912°. Total, 1130°. :

The same weight at 100°, gave out,
Sensible heat, . . . . .. 68°.
Lintent'heat, 5. 8. 1062°. Total, 1130°.

Consequently, whatever the temperature at which steam is
forme, the toial amount of heat requ1red is nearly the same.
Mr. Watt was of the opinion that this was strictly true; but
Regnault has shown that the sum of the sensible and latent heat
inc.'eaies as the temperature rises; the amount, however, is so
small that it may be neglected in practice. It will be remem-
bered that the lower the temperature at which water bolls, the
greater the amount of its expansion in passing into vapor; con-
sequently, the greater the amount of latent heat necessary.

Regnault’s Table showing the sum of sensible and latent heat in steam al
different temperatures :

Sum of Sum of
Tempera- Latent Latent Ileat Tempera- Latent Latent Heat
ture. Heat. and Sensible ture. Heat. and Senslble.
Heat. 1leat
82° | 1092°.6 1124°.6 248° 939°.6 1187°.6
509 - 1089°.0 1130°.0 266° 92720 1103°.0
68° 1067°.4 1135°.4 284° 914°.4 1193°.4
86° 1054<.8 1140°.8 302°" 901°.8 1203°.8
104° 1042°.2 1146°.2 320° 889°.2 | 1209°.2
122° 1029°.6 1151°.6 338° 874°.8 1222°.8
140° 1017°.0 115%°.0 356° 862°.2 1218°.2
158¢ 10040.4 1162°.4 374° 819°.6 1223°.6
176° 991°.8 1167°.8 392¢ 835°.2 1227°.2
194° 90°.2 1173°.2 410° 822°.6 1232°.6
212° 966°.6 1178°.6 428¢° 8)8°.2 12386°.2
230° 952°.2 1182°.2 446 795°.8 1241°.6

How may it be proved? Give the general results of Regnault’s table.
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188. No economy in using Liquids which boil at a lower
temperature than Water. As alcohol and ether boil at lower
temperatures than water, it might be thought that it would be
economy to use them, instead of water, as sources of power.
This, however, would not be the case, even though they could
be procured for nothing, for two reasons: first, on account of
the comparatively small expansion of these liquids in passing
into vapor. A cubic foot of water yields 1700 cubic feet of
steam; a cubic foot of alcohol yields only 493 cubic feet of
vapor. It is necessary, therefore, to boil away more than 3
cubic feet of alcohol in order to make 1700 cubic feet of alco-
holic vapor and create a moving power equal to that of steam.
A cubic foot of ether yiclds only 212 cubic feet of vapor; it is
necessary, therefore, to boil away 8 cubic feet of ether to make
1700 cubic feet of ethereal vapor. - This would require a cor-
responding enlargement of the boiler, and many of the other
parts of the engine. Secondly, to form 1700 feet of alcoholic
and ethereal vapor would require more heat than to form 1700
cubic feet of steam. Thus, the latent heat of steam is 1000°;
the latent heat of an equal volume of aleoholic vapor is 15757
the latent heat of an equal volume of vapor of ether is 2500°.
Their cost in fuel would be proportionate to the sum of the
sensible and latent heat of equal volumes; it is evident, there-
fore, that the advantage would be decidedly on the side of water.
This may be clearly seen from the following table :

The Latent Heat contained in equal volumes of Water, Alcohol, Ether,
and Spirits of Turpentine :

A cu. ft. of Water yields 1700 cu. ft. of Steam, latent heat,. . . . 1000°,

A cu ft. of Alcohol yields 493 cu. ft. of Vapor, latent heat, 457°.

493 cubic feet: 4570 :: 1700 cubic feet: 2= . . . . ... .. 15%75°.
A cu. ft. of Ether yields 212 cu. ft. of Vapor, latent heat, 312°,

212 cubic feet: 812°::1700 cubic feet:a°= . ... ... .. 2500°.
A cu. ft. of Spts. Turp. yields 192 cu. ft. of Vapor, latent heat, 183°.

192 cubic feet: 183°:: 1700 cubic feet:a = . . ... .. .. 16200.

The heat, therefore, required to produce an equal amount of
mechanical power from water, alcohol, ether, and spirits of tur-
pentine, is as 1000° to 1575° to 2500° to 1620°.

189. Super-heated Steam. Steam which receives an acces-
sion of heat.after it has been separated from the water that

188. Why is there no economy in using liquids which boil at a Jower temperature {aan
water? Show this from the tab'e in the case of alcohol, ether, and spirits of turpentiue.
~189. What is meant by super-heated steam ?
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formed it, by passing through a series of hot pipes, acquires
some important properties which distinguish it from ordinary
steam. In the first place, it has more expansive power, and
this may be imparted to it without any additional expenditure
of fuel. Secondly, it is not so readily condensed as common
steam ; ordinary steam returns at once to the liquid state as
soon as its temperature is at all reduced; but in the case of
super-heated steam no part of it can return to the liquid state
until it lose all the heat which has been imparted to it by the
super-heating process. For this reason super-heated steamn is
often employed in high-pressure steam engines, in which it is
considered important to prevent the condensation of the steam as
much as possible during its progress through the eylinder; in
this manner all condensation is avoided until the steam has been
allowed to escape into the air. It is formed by causing the
steam, afier it has been made in the boiler, to pass through a
series of very hot tubes before it is allowed to enter the cylinder.

1990. Papin’s Digester. The solvent powers of water are
greatly increased by the high temperature which may be given
to it by boiling it under great pressure. At the pressure of
two atmospheres, or 30 pounds to the square inch, the tempera-
ture of water is 250°; at three atmospheres, 275°. This in-
ereased solvent power is turned to good account in Papin’s
Dige-ter, which consists of a very strong metallic vessel, upon
which the lid, ¢, fits steam tight and is confined by a powerful
screw; a safety valve is provided to prevent explosion. The
water and the substances to be dissolved must be introduced
before the top is screwed down. By this instrument gelatine
and albumen have been extracted from bones and applied to the
formation of various valuable products. These bones might Le
boiled at the temperature of 212° for an indefinite period, without
change. This apparatus is of the greatest utility for boiling
vegetables and meats at points of great elevation, where the
pressure of the atmosphere is so low that the heat of water at
the boiling point is not suflicient for ecooking. By enclosing
these articles in a vessel of this deseription the heat may be in-
creased to the required degree without the slightest difficulty.
On the same prineiple, the cooking of vegetables at ordinary
levels may be quickened by covering the pot containing them
with a 1lid firmly held in its place by a few bricks. Steam,
heated to a high temperature by passing through red-hot pipes,
may also be used for the same purpose; and for converting

190. Describe the construction and use of Papin’s digester.
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Fig. 71

Papin’s Digester.

wood into charcoal by driving off all the volatile portions, leav-
ing the pure carbon behind ; also for the distillation of oil+, and
the extraction of lard and fat from the bodies of animals. Steam
may be heated hot enough to melt lead and to set wood on fire.

191. The Spheroidal State. Though heat is the cause of
ebullition, and a sufficient amount of it would no doubt produce
the vaporization of the most refractory substances, yet a high
degree suddenly applied to liquids vaporizes them more slowly
than a lower degree. 'Water thrown on a plate of iron, or sil-
ver, heated to redness, instead of instantly flashing into steam,
rolls upon its surface in globules, and is a long time in disap-
pearing. This is occasioned by an atmosphere of vapor that is
at once formed around the globules of water, which, being a
poor conductor of heat, euts it off from the action of the hot
plate, and by its elasnmty actually interposes a eushion between
them and clevates the globule slmhtly above the plate, This
elevation of the drop above the plate is perceptible by the eve.

The apparatus for showing this is represented in Fig. 72.

191. Explain the spheroidal state.
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A lamp, called an eolopile, is mounted upon a foot, provided
with serews, so that it
may be adjusted to an
exact level. Immedi-
ately over it is placed a
smooth plate of silver,
which is heated red-hot
by the inflammation of
the alcohol in the eolo-
pile. In the middle of
this plate is placed a hol-
low ecylinder, open at
both ends, also of silver,
Space between the Hot Plate and the Drop. and having a IOngillldi-

: nal slit on two opposite

sides, at equal distances from each other. Three or four grains
of water, blackened by lamp-black, are then poured into the
cylinder, and its top is covered by a small disk of metal. The
water is immediately thrown into the spheroidal state, and if a
candle be placed directly opposite to the slit on one side, and
the eye applied to the other, it will be seen that the water does
not rest upon the hot plate, but is supported above it. The
electric spark can also be seen through the
same interval, between the plate and the
drop. Thus situated, water is said to be
in the spheroidal state, from the spheroidal-
form it assumes in rolling upon the red-hot
plate. The apparatus for performing these
experiments i3 represented in ZFug. 73.
The red-hot capsule of silver or copper
may be filled nearly full of water without
its boiling, and if a thermometer be dexter-
ously introduced, the temperature will be
found to be about 203° instead of 212°,
Under similar circumstances the tempera-
ture of alcoho! is 168°, instead of 176°, its
boiling point; ether 93° instead of 96°;
sulphurous acid only 13°, considerably be-
1w the freezing point of water, For water
Tem;#mu&» N fo pass into this state it is necessary that
B el Sl the plate or capsule have attained the tem-
perature of at least 340°. 1If at this mo.

Deseribe the experiments.
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ment the red-hot capsule, nearly full of water, be quickly and
carefully removed from the flame and placed upon a tripod
stand, it gradually cools, and the water being

Fig. 74. less and less repelled, at length comes into
direct contact with the metal, bursts into
steam with explosive violence, and is project-
ed in all directions, affording an excellent
illustration of increased activity of ebullition
produced by diminution of temperature, Fig.
74. Even if the water be boiling, its tem-
perature sinks from 5° to 7° below the boiling
point at the moment it falls on the heated

The Lamp Removed. surface, i. e., from 212° to 207°.

192. It explains the explosions of Steam
Boilers. If a copper flask be heated red-hot by a powerful
lamp, a large quantity of water may be introduced into it through
a fine tube, without its boiling, and
Fig. 75. a cork securely fitted to its mouth.
If now the lamp be extinguished, as
the fla<k cools, the water at length
comes into contact with the metal,
flashes into steam, and the cork is
driven out with great fury. This is
thought by some to be the state of
things in the interior of steam boil-
ers when explosions are produced
by diminishing the heat of the fire;
Fig. 75.

On the same principle a red-hot
copper ball may be introduced into
water at the temperature of 75°,
and remain visibly red-hot for a few
seconds. The vapor of steam which
surrounds the ball for a time pre-

w0 ] vents the contact of the fluid ; - #ig.

f;",;,’;-‘;g;,g{gfg,;’:;; 76. As soon as the ball has suffi-

ciently cooled, the water ceases to be

repelled by the envelope of steam, and coming into contact with

the hot copper, is at once converted into steam, scattering the
liquid in every direction; Fig. 77.

192. Show how it may explain the explosions of boilers. Explain the red heat of a
copper ball under water. Show how water and mercury may be frozen in a red hot cru-
cible.
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Fig. 76.

(5
G ~ . \)
’ )

Red-hot Ball Cooled.

On the same principle the human hand, moistened w'th water,
may be d'pped with impunity into a vessel o melted lead, or
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iron, the vapor that is formed by the moisture, for a ecertain
length of time, keeping off’ the melted metal.  In pouring glass
into wooden moulds it is usual to introduce first a small poriion
of water. Dy passing into the spheroidal state it is repelled
from the glass, so that it does not injuriously cool it, and at the
same time protects the wood. In performing these experiments,
provided the hot surface be a sufficiently good conductor of heat,
the nature of the material is unimportant. Silver, platinum,
copper and iron, may all be used. One liquid may be thrown
into the spheroidal state upon the surface of another, as water,
aleohol, or ether, on the surface of hot oil.  Solids can also be
thrown into the spheroidal state by being placed on hot plates,
as iodine on hot copper. The iodine is melted and thrown into
the spheroidal state, emitting but little vapor; but if the lamp
be removed =0 as to permit the capsule to cool, it suddenly bursts
in‘o a magnificent cloud of rich violet vapor. Liqueficd sul-
phurous acid passes into the spheroidal state at 18° notwith-
standing it is in the interior of a red-hot crueible. If a diop
of water be introduced into the acid, under these circumstances,
it'is instantly frozen. Solidified carbonic acid and ether pa-s
into the spheroidal state at so low a temperature that, if a globule
of mercury be introduced into the mixture, it is immediately
solidified, and may be turned out solid upon the table.

193. Distillation. The difference between the boiling

Fig, 78

Ay P

Distillation of Water.
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points of liquids is sometimes made use of to separate them
from each other, and to clear them of impurities. This pro.-e:s
is called distilation. It consists in raising liquids inio vapor by
boiling, and then condensing the vapor by causing it to come
in'o eontact with some cold surface. This is usually accom-
plished by having a tube of considerable length leading from
the top of a closed boiler and passing, in the form of a spiral,
through a vessel which is kept filled with cold water, changed
as fast as it becomes warm; £7g. 78. A is the boiler; ¢ is the
head of the still; p the pipe leading to the condenser; r the
spiral tube in which the vapor is eondensed ; K the point where
it is discharged into the bowl P; R is a discharge cock, by which
water is constantly supplied to the vessel 1 J K L, so that a

Fig. 79.

T AL

Liebig’s Condensing Tube.

current of cold water is continually passing through it, entering
at the bottom and issning at the top. Semetimes, in place of
the still, a condensing tube, Fig. 79, is employed. The prinei-
ple is the same as in the still, but it is more convenient for use

-193. Describe the process of distillation. The still. Liebig’s condensing tube. The
alewbic.
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in the laboratory when it is desired to distil small quantities of
liquid, as it can readily be adapted to a flask of any size, as
scen in the figure. It consists of a tube of copper, &, through
which passes a large glass tube, closed at both ends by corks,
by means of which connections may be formed at either e¢nd
with smaller tubes. Through the copper tube cold water is
continually circulating, entering by the funnel into the lower
end, and flowing out above into the bowl. The vapor formed
in the flask @, is condensed in b, and is collected, drop by diop,
in the bottle, ¢. Again, the same process may be carried on in
the Alembie, of which a representation is given in F%g. 80. It
consists of a glass boiler, to
which a head is adapted by
grinding, in such a way that
the vapor which is condensed
upon its sides trickles into a
gatter and issues, drop by
drop, through the spout.
This is a very convenient
instrument for distillation
on.a small scale.

194. Uses of Distilla-
tion. One of the most im-
portant uses of distillation
is the purification of 1'quids
fiom the foreign substances
with which they may be
charged. Thusmuddy water
can be made elear by boiling
it and condensing the vajor.

Alembic. The foreign particles are too

heavy to rise with the vayor,

and remain in the boiler. Sugar and salt dissolved in water

can not rise in vapor; consequently they are lift behind in the

boiler, while the water is distilled off. In such cases the liquid

left belind is concentrated, and this is sometimes one object of
the. process.

195. The separation of two Liquids by Pistillation. Two
liqu'ds, thoroughly mixed, may be separated by this process,
provided their boiling poings are different. 'Thus, aleohol boil-

194 Explain the uses of distillation.—195. Show how two liquids may be separated
by distillation.



THE USES OF DISTILLATION. 167

ing at 176°, while water boils at 212°, it is quite evident that
the alcohol can be boiled and raised into vapor before the water
is hot enough to do the same; and this being condensed, it will
trickle down into the receiver, leaving the water behind it. To
ensure the success of 1his process the temperature must be kept
as near as possible to the boiling point of alcohol, and below
that of water. Oa the same principle a volatile substance
m'ght be boiled of, and the liquid left behind made stronger
and purer. This last pro:ess is sometimes called Condensation.
The distillation of pure water from salt water, which is some-
times done on shipboard, is accomplished on the same principles.
The salt and other impurities dissolved in the water can not
rise with the vapor of water, on account of their greater spe-
cific gravity. The vapor, thercfore, produced by the boil'ng of
sea water, is comparatively pure, and when condensed in the
worm of the still, proves a tolerably wholesome water. These
processes, it can be readily seen are matters of great practical
importance in the arts.

Experiments :—Effects of Heat: Vaporization.

1. Vavorization. Ieat the cause; shown by heating water or aleohol.

2. Solids are sometimes vaporized without liquefying; shown by heating, in a Flor-
ence flask, camphor, sulphur, benzoic acid, sal ammoniac, arsenious acid  Let a sceond
flask be inverted over the first, that the vapors which are formed may be collected and
condensed. This is called sublimation.

3. Ebullition. Different liquids boil at different temperatures ; this may be shown
by placing a thermometer in boiling water, ether and aleohol. The last two should not
be boiled over a lamp, but by immersion in boiling hot water, in test tubes.

4. Buil water in a metallic vessel and in a glass vessel, successively, using the same
thermometer to show the effect of nature of the vessel upon the boiling point.

6. Call attentioa to the fact that in the bolling of water steam is forined at the bottom
of the lignid, and not upon its surfice

6. The boiling point of liquids is elevated or depressed by the diminution or inerease of
the pressure of taoe atmosphere. Water, ether, alcohol, under the exnausted reeeiver of
an air pump, boil respectively at 70°, —44°, and 86°.

7. The priacipal fact connectedl with vaporization, viz., the absorption and entire dis-
appearance of a large amount of heat, is shown by placing a thermometer in a flask of
water, and heating over a spirit lamp. The temperature of the water will rise until it
reaches 212°.  Above this point the mercury refuses to rise, though heat is continually
entering the water at the same rate as before.

8. The same fact i3 shown by putting a thermometer into water at 90°, and placing
the whole under the receiver of an air pump; exhaust, and as soon as the water begins
to boil, the thermometer sinks, owing to the absorption of heat.

9. Again, if to a pound of water at 212°, 8 pounds of red-hot iron filings be added,
the temperature of the water will be found, on trial, not to have been increased a degree.
Wht has become of the heat of the red-hot iron?

10. If ether, at the ordinary atmospheric temperature, be subjected to diminished
pressure by being placed under the exhausted receiver of an air pump, it will boil furi-
ously, and the thermometer will immediately sink very rapidly, showing the absorption
of a large amount of heat.

11. Place some pure water, at 62°, in a flask, over a good spirit lamp, and note the
number of minuce? it takes to rise to 212°, or to gain 150° of heat. Let it boil as many
minutes more, and then note the temperature ; it will be found to be still no higher than
212°; yet it has received actually 150° of additional heat. hat has become of it?
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12. Note the number of minutes that it takes the water in the last experiment to hoil
entirely away: multiply by tae number of degrees of heat imparted per minute, and
it wid be found tnat 1)0U° of heat have been absorbed.

1 5. The heat tuus absorbed is given ont again when the vapor is condensed. Leta
tall jir be filied with 11 cubic incaes of water at 3z°; condenze stcam at £i%° into it
until 2 cubic inches have been added to the 11, and it will be found taat the temperature
of tie water has increased to 21275 i e.. the heat contained in steam at 2122 is sufficient,
whea condensed, to heat 5] times as much water as that from which it was produced,
from 82° to 212°; i. e, 180°. 1809X5) - 990°. See Fig. 55.

14. The boiling point varies with variation in pressure; this may be shown by boiling
water in a flask, tightly corked, having a thermometer in it. The steam being prevented
escaping, reacts upon the water and soon exerts a powerful pressure, and the thermome-
ter at oace comniences to rise. Remove the pressare, by allowing the stem to escape,
and the temperature falls. This may be shown by Marcet's apparatus, or the steam
flask. Shut the stop cock of ench, when the water commences boiiing and the thermon:e-
ter will rize above 212°; open it again, and it will immediately fall to £12°; exhaust the
;ir grom the steam flask, by tae air pump, and it will boil at a temperature lower than

13. The Culinary Paradox. Boil water in a flask, close it quickly by a cork ; remove
it from the lamp, invert it, and apply cold water to tae upper part; the boiling will re-
commence with violence; apply hot water and it will cease.

1 5. Wollaston's stexm bulb and jar of cold water, shows the moving forces in the
steam engine. Boil the water in steam bulb until the piston has reached the top of the
cylinder ; then dip in cold water, and the piston wiil descend.

17. That water expands 1700 times ia vaporizing, may be shown by a cylinder in
which there i3 a cubic inch of water, fitted with a pis-on. The water is boiled away and
;;hehpis’wu is forced up until the capacity of the space below it amounts to 1700 cubic

nches

1. Spheroidal State. Iecat a copper ball red-hot in a powerful lamp, and dip it
quickly into water at temperature of 969, in a glass jar. It will remain red-hot for a
considerable leng h of time.

2. Drop water into n red-hot eapsule of copper, until it is nearly full; then remove
the lamp. The water will not boil until the lamp is taken away.

3. Drop water into a red-hot tlask of copper and cork it tightly ; remove the lamp;
the cork. in a few m:o.nents, wiil be driven out with great violence.

4. Heat a copper dish, pierced with holes, red-hot, and drop a little water upon it
gently from a glass dropping tube; toe water will not run thiough; remove the lamp
and the water will then readily flow.

5, Drop liquefied sulpharous acid into a red-het capsule of platinum, and test the
temperature with a thernio.neter.

6. Drop water into a red-hot platinum eapsule uutil it is quite full, and then insert a
delicate thermometer; the mercury will oaly rise to 205° F.

7. Throw a mixture of soiidified carbouic acid and ether into a red-hot- platinum cap-
sule; the ether will alinost immediately eateh fire. producing a powerful blaze; intro-
duce a thermometer into the mixture beneath the flame, and the mercuygy will be frozen.
This is owing to the low temperature at which the carbonic acid is torown into the sphe-
roidal state.

8. Introduce into the same mixture a small platinum spoov fil'ed with mercury; it
will be frozen, and may be turned out upon the table in the s0.id rtate.

9. Introduce a little water in the same manner into the same mixture, and it also will
be frozen, and may be turned out upon the table as ice

10. Throw a few grains of iodine into a red-hot platinum erucible. over a lamp, and
it wiil vaporize slowly in consequence of being thrown into the spheroidal state at a low
temperature, and only a little heat reaching it; remove the lamp, and it will at once
burst into a splendid vio'et clond. .

11. For these experiments there is needed a powerful alcohol vapor lamp, and thick
capsules of copper, platinum, or silver, which retain heit for some time.

1. Distiliaction. Fiil 2 common retort, half full of water, and boil it slowly over a
spirit lamp ; the vapor will condense in the neck of the retort and trickle drop by drop
from its beak into a cup placed to receive it.

2 Take some well water and pour into it a few drops of sol. of oxalic acid; a white
eloud will be produced. showing the presence of lime in the water. Pour the same water
into a retort and distill as before : collect the distilied water and test for lime again; ne
lime will be found, showing that the water has been purified by distillation.

3. Dilute aleohol with water until it will no longer inflame when a taper is put into it;
then pour thae mixture into an alembic, having a thermometer in it; heat to 180°, not
higher; vapor will rise and condense in the neck, and finally fall, drop by drop, into a
wine glass placed to catch it; apply the taper and it will burn, showing that the alcohol
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has been separated from the water. Tbis wiil show how alcohol is separated from watery
solutions.

4. Try the same experiment with wine.

5. Ditto with brandy diluted with water; with other liquors.

6. Boil muddy or turbid water in a retort, and observe the clearness of the residual
water.

§ V. Effects of Heat:—Evaporation:

196. Evaporation. Evaporation has been described as the
scecond mode of vaporization. It differs from ebullition, in tak-
ing place from the surface of liquids, while ebullition consists in
the formation of vapor at the bottom of a liquid, immediately
in contact with the surface of the boiling vessel, and accompa-
nied by more or less commotion in the fluid as the vapor rises
through it. Evaporation is a slow and quiet proeess, unattended
by violent action ; ebullition is rapid, and must be kept up by
artificial means. Evaporation goes on at common temperatures,
and may take place even at the lowest, and during the coldest
seasons ; while ebullition requires a high degree of heat, or at
least the removal of atmospheric pressure.

197. Evaporation takes place at common temperatures;
Ho2at its cause. "To prove that evaporation takes place at natu-
ral temperatures, nothing more is neeessary than to exposc a
quantity of water to the open air, in a shallow vessel; the liquid
will be found gradually to diminish, and will finally disappear
entirely. If a quantity of water, or ether, be earefully weighed,
at the end of an hour it will be found to have lost weight very
perceptibly. It was for a long time thought that the air was
the cause of evaporation, and that, in consequence of its affinity
for different liguids, it dissolved them with varying degrees
of rapidity, as water dissolves the different salts; but it is im-
possible to attribute the effect to this cause, for it is an estab-.
lishel fact that evaporation takes place #n vacus, that the air
positively retards the process, and that one of the best means
of accelerating it is to remove the air altogether.  Z%e sole cause
of evaporation is Heat. We know that this is true in the case
of ebullition, because we perceive the actual application of the
heat; but in the case of evaporation it is not so apparent, be-

195. What is the second mode of vaporization? Tn what respects does evaporation
differ from ebullition 2—197. Prove that evaporation takes place at common temperatures.
Show that it is produced by heat, and not by the action of the air.

8
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cause there is no actual application of heat, and the amount
required is gathered up silently and quietly on every hand. Tt
would appear that in the liquid state the particles of matter
having already begun to separate from each other and acquire
facility of motion, are readily pushed still further apart by the
heat which liquids, at ordinary temperatures, collect, that they
at length cease to oppose any barrier to the passage of light,
become invisible, and lighter than air, and finally rise and
escape. The experiments of Dr. Dalton not only prove that
heat is the true cause of the formation of vapor, but also that
the actual quantity which can exist in any given space is de-
pendent solely upon temperature. If a little water be placed in
a dry glass flask, a quantity of vapor will be formed proportion-
ate to the temperature ; at 32° the flask will contain but a very
small quantity of vapor; at 40° more vapor will exist in it; at
50° it will contain still more; and at 60° the quantity will be
still further increased. If, then, under these circumstances, the
temperature of the flask be again suddenly reduced to 40° a
certain portion of the vapor will be reconverted into water; the
quantity which retains the form of vapor remaining precisely
the same as when the temperature was originally at 40°.

198. The amount of Vapor formed, and its elasticity, are
proportionate to the temperature. Vapors, like gases, possess
a certain elastic force; by this is meant that they possess a
tendency to expand indefinitely, and are only prevented from
doing so by the pressure of counteracting forces, of which the
most important is the pressure of the atmosphere. If confined
in a closed vessel a vapor exerts a certain pressure upon the
sides of the vessel, in consequence of its elasticity or tendency
to expand, and the degree of this pressure, and the amount of
vapor formed, will depend upon the temperature to which the
vessel i3 subjected. If the vessel be a bottle, tightly closed, and
containing a small amount of water, while the remainder of the
space is filled with air, the air within the bottle will not prevent
the liquid from evaporating ; a certain amount will pass into the
state of vapor, depending upon the temperature ; its elastic force
will be added to the elastic force of the air confined in the bot-
tle, and a pressure exerted upon the inside, tending to burst it.
If; under these circumstances, the stopple of the bottle be re-
moved, a portion of the mixed air and vapor will rush out: if

198. Prove that vapors, like gases, possess elasticity, and exert pressure upon the in-
side of a vessel containing them, What effect has increase of temperature upon the
elastic force of vapors? What degree cf force may be exerted by this means?



THZ AMOUNT OF VAPOR AND ITS 171

the: vessel employed be a bell glass, closed at the top, and open
at the bottom, having a small quantity of water in it, and placed
in a bath of mercury, the mercury will be depressed as the vapor
is formed, showing that the elastic force of the gaseous contents
of the bell glass has been increased. If the temperature b2
steadily raised the amount of vapor formed, and the elastic
power of the mixed air and watery vapor, will increase at an
equal rate, and the pressure upon the sides of the vessel will be
correspondingly angmented. When 212° is reached the water
will begin to boil, and the pressure be still further augmented ;
as the temperature rises beyond this point the pressure will go
on, inereasing in force, and eventually attain such a degree that
no amount of external pressure can resist it, and the vessel wiil
be rent in twain. The tendency, therefore, for a liquid to pass
into vapor, is not only due to heat, but is
Fig. 81 heightened as the temperature increases,
and when a certain degree has been at-
tained, becomes irresistible.

139, These truths illustrated by ex-
perimient. Let b ¢ A De a glass tube,
curved like a siphon, the upper extremity
open to the air, the other closed; let the
tube be half filled with mercury, so that
it will enclose about an inch of air in
the short log, and a. drop of liquid ether be
introduced in such a way as to rise throuzh
the mercury, and enter the space filled with
air; this may be readily done by a skillful
manipulation of the apparatus. As soon as
the liquid reaches the confined air the mer-
cury in the short leg will be depressed below
its former level; this depression is due to
the elastic force of the vapor of ecther
formed. If the tube be dipped into warm
water, at temperature of 100° Fig. 81, the
column of mercury will be still further de-
pressed, and the more as the temperature
The amount and elasticity Yises ; if, on the contrary, the temperature
”V“’ﬁt,ﬂfﬁz:f;Zf'Ed * Le diminished, the column of mercury in

the short leg will rize, showing that the
elastic force is diminished. From this experiment, it is clear

199. Prove this fact by experiment. Describe Fig. 81.
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that the liquid ether introduced into confined air is not prevented
from passing into vapor by the pressure of the confined air, nor
by the pressure of the excess of the column of mercary in the
long leg over that in the short leg, nor by the amospheric press-
ure which is operating upon the mercury through the open end
of the tube, but that it proceeds in spite of these opposing forces,
and even acts against the whole pressure of the atmosphere at .
1t further appears that this elastic force is increased by heat, and
is diminished by cold. If; instead of leaving a space filled with
air in the short leg of the tube, it be entirely filled with mer-
cury, and a drop of liquid ether introduced, the same effect will
result; the mercury will be immediately depressed in the short
leg, and the more, the higher the temperature employed s it will
also be seen that the vapor formed is an elastie, transparent, and
invisible fluid, like the air.

200. The rapidity of evaporation varies with the press-
urc to be overcome; in a Vacuum, it is instantancous. In the
preceding experiment the evaporation of the liquid goes on very
slowly and gradually, on account of the pressure of the mercury
and of the atmosphere, which must first be overcome; if this
pressure be diminished it will proceed more rapidly; if it be
entirely removed, the evaporation will be instantaneous. In a
vacuum, this counteracting pressure is entirely removed, and
consequently, if a small portion of any vaporizable liquid be
introduced, its vapor will immediately fill the whole of the va-
cant space. The quantity and elasticity of the vapor will depend
upon the temperature, and they will both be precisely the same
as though the evaporation had taken place in air at the same
temperature, instead of a vacuum; the only difference in the
two cases will be that, in a vacuum, the evaporation takes place
instantaneously, while in the air, time is required for its diffu-
sion, owing to the pressure which the air exerts; and in the
vacuu, the elasticity of the vapor is the only force tending to de-
press the mercury, while in air, the elasticity of the vapor added
to that of the air, is the depressing force, and consequently pro-
duces a greater effect. This may readily be proved by the fol-
lowing experiment. Let A, Flig. 82, be a glass tube, about 36
inches in length, open at the lower end, and let it be completely
filled with mercury, closed with the finger, and inverted, in a vessel
also of mercury. As soon as the finger is withdrawn, the mercury

_200. What effect hag pressure upon the rapidity of evaporation? How does evapora-
tion proceed in a vacuum? ., g
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Fig. 82. will at once sink in the tube till
the height of the top of the col-
umn above the level of the mer-
cury in the lower vessel is about
30 inches. The reason of this is,
that the weight of a column of
mercury of this height is exactly
equal to the weight of a column
of air of an equal base, extending
to the extreme limits of the at-
mosphere, and the column of
mercury, and that of air, exactly
balance each other. All the space
in the interior of the tube, above
30 inches, is entirely free from
air, and a perfect vacuum, some-
times called the torricellian vacu-
um; after Torricelli, a celebrated
Italian philosopher. If now, a
drop of ether be introduced into
the open end of the tube, be-
neath the mercury, it will rapidly
rise, in consequence of its supe-
rior lightness, until it reaches
the vacant space; a portion of it will then immediately flash into
vapor, and the elasticity of the vapor formed will at once depress
the mercury considerably below the point at which it stood a
moment before, as is seen in the tubes B, p, &« E. The quantity
and elasticity of the vapor will in all cases be exactly propor-
tional to the temperature, and the mercury will continue to sink
until as much of the liquid ether has evaporated as the tem-
perature is capable of sustaining in the vaporous state. The
vacuum will then be saturated with vapor, 1. e., it will hald as
much vapor as is capable of existing in it at that particular tem-
perature. If the temperature be elevated above this point,
more ether will be evaporated, and the mercury still further
depressed ; if the temperature be Jowered, some of the vapor
will be conde